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A Corporate Dedication to 
Quality and Reliability 


National Semiconductor is an industry leader in the 
manufacture of high quality, high reliability integrated 
circuits. We have been the leading proponent of driv- 
ing down IC defects and extending product lifetimes. 
From raw material through product design, manufac- 
turing and shipping, our quality and reliability is second 
to none. 
We are proud of our success ... it sets a standard for 
others to achieve. Yet, our quest for perfection is on- 
going so that you, our customer, can continue to rely 
on National Semiconductor Corporation to produce 
high quality products for your design systems. 


Charles E. Sporck 
President, Chief Executive Officer 
National Semiconductor 
Corporation 


Wir fOhlen uns zu QualiUit und 
ZuverUissigkeit 
verpflichtet 


National Semiconductor Corporation ist fUhrendbei der Her- 
stellung yon integrierten Schaltungen hoher Qualitat und 
hoher Zuverliissigkeit. National Semiconductor war schon 
immer Vorreiter, wenn es galt, die Zahl yon IC Ausfiillen zu 
verringern und die Lebensdauern yon Produkten zu verbes- 
sern. Yom Rohmaterial uber Entwurf und Herstellung bis zur 
Auslieferung, die Qualitiit und die Zuverliissigkeit der Pro- 
dukte yon National Semiconductor sind unubertroffen. 


Wir sind stolz auf unseren Erfolg, der Standards setzt, die 
fur andere erstrebenswert sind, Auch ihre Anspruche steig- 
en stiindig. Sie als unser Kunde kennen sich auch weiterhin 
auf National Semiconductor verlassen. 


La Qualite et La Fiabilite: 
Une Vocation 
Commune 
Chez National 
Semiconductor 
Corporation 


National Semiconductor Corporation est un des leaders in- 
dustriels qui fabrique des circuits integres d'une tres grande 
qualite et d'une fiabilite exceptionelle. National a ete Ie pre- 
mier a vouloir faire chuter Ie nombre de circuits integres 
defectueux et a augmenter la duree de vie des produits. 
Depuis les matieres premieres, en passant par la concep- 
tion du produit sa fabrication et son expedition, partout la 
qualite et la fiabilite chez National sont sans equivalents. 


Nous sommes fiers de notre succes et Ie standard ainsi 
defini devrait devenir I'objectif a atteindre par les autres so- 
cietes. Et nous continuons a vouloir faire progresser notre 
recherche de la perfection; il en resulte que vous, qui etes 
notre client, pouvez toujours faire confiance a National 
Semiconductor Corporation, en produisant des systemes 
d'une tres grande qualite standard. 


Un Impegno Societario 
di Qualita e 
Affidabilita 


National Semiconductor Corporation e un'industria al ver- 
tice nella costruzione di circuiti integrati di alta qualita ed 
affidabilita. National e stata iI principale promotore per I'ab- 
battimento delia difettosita dei circuiti integrati e per I'allun- 
gamento delia vita dei prodotti. Dal materiale grezzo attra- 
verso tutte Ie fasi di progettazione, costruzione e spedi- 
zione, la qualita e affidabilita National non e seconda a nes- 
suno. 


Noi siamo orgogliosi del nostro successo che fissa per gli 
altri un traguardo da raggiungere. II nostro desiderio di per- 
fezione e d'altra parte illimitato e pertanto tu, nostro cliente, 
puoi continuare ad affidarti a National Semiconductor Cor- 
poration per la produzione dei tuoi sistemi con elevati livelli 
di qualita. 


Charles E. Sporck 


President, Chief Executive Officer 


National Semiconductor Corporation 
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TRADEMARKS 


Following 
is the most current 
list of National 
Semiconductor 
Corporation's 
trademarks 
and registered 
trademarks. 


Abuseable™ 
E-Z-L1NKTM 
MICROWIRE/PLUSTM 
SCXTM 


Anadig™ 
FACTTM 
MOLETM 
SERIESI800™ 
ANS-R-TRANTM 
FACT Quiet Series™ 
MPATM 
Series 
900TM 
APPSTM 
FAIRCADTM 
MSTTM 
Series 
3000TM 
ASPECTTM 
Fairtech™ 
Naked-8TM 
Series 
32000® 


Auto-Chem 
Deflasher™ 
FAST® 
National® 
Shelf •••Chek™ 


BCPTM 
5-Star Service™ 
National 
Semiconductor® 
Simple 
Switcher™ 
BI-FETTM 
Flash™ 
National 
Semiconductor 
SofChek™ 
BI-FET 
IITM 
GENIXTM 
Corp.® 
SONICTM 
BI-L1NETM 
GNXTM 
NAX800TM 
SPIRETM 
BIPLANTM 
GTOTM 
Nitride PIUS™ 
Staggered 
RefreshTM 
BLCTM 
HAMRTM 
Nitride Plus Oxide™ 
STARTM 


BLXTM 
HandiScan™ 
NMLTM 
Starlink™ 
BMACTM 
HEX 3000TM 
NOBUSTM 
STARPLEXTM 


Brite-Lite™ 
HPCTM 
NSC800TM 
Super-Block™ 
BSITM 
13L® 
NSCISETM 
SuperChipTM 
BTLTM 
ICMTM 
NSX·16TM 
SuperScriptTM 
CDDTM 
INFOCHEXTM 
NS-XC-16TM 
SYS32TM 


CheckTrack™ 
IntegrallSETM 
NTERCOMTM 
TapePak® 
CIMTM 
IntelisplayTM 
NURAMTM 
TDSTM 
CIMBUSTM 
ISETM 
OXISSTM 
TeleGate™ 
CLASICTM 
ISE/06TM 
p2CMOSTM 
The National 
Anthem® 


Clock •••Chek™ 
ISEIO8™ 
PC Master™ 
Time •••ChekTM 


COMBO® 
ISEI16™ 
Perfect WatchTM 
TINATM 
COMBO 
ITM 
ISE32™ 
PharmavChek™ 
TLCTM 
COMBO 
IITM 
ISOPLANARTM 
PLANTM 
Trapezoidal™ 
COPSTM microcontrollers 
ISOPLANAR-ZTM 
PLANARTM 
TRi-CODETM 
CRDTM 
KeyScan™ 
PLAYERTM 
TRI-POLYTM 
Datachecker® 
LMCMOSTM 
Plus-2TM 
TRI-SAFETM 
DENSPAKTM 
M2CMOSTM 
Polycraft™ 
TRI-STATE® 
DIBTM 
Macrobus™ 
POSilinkTM 
TURBOTRANSCEIVERTM 
Digitalker® 
MacrocomponentTM 
POSitalker™ 
VIPTM 
DISCERNTM 
MAXI-ROM® 
Power + Control™ 
VR32™ 
DISTILLTM 
Meat •••ChekTM 
POWERplanar™ 
WATCHDOGTM 
DNR® 
MenuMaster™ 
QUAD3000™ 
XMOSTM 
DPVMTM 
Microbus™ 
data bus 
QUIKLOOKTM 
XPUTM 
E2CMOSTM 
MICRO-DACTM 
RATTM 
Z STARTM 
ELSTARTM 
1J.talkerTM 
RTX16™ 
883B/RETSTM 
Embedded 
System 
Microtalker™ 
SABRTM 
883S/RETSTM 
Processor™ 
MICROWIRETM 
ScriptvChek™ 


Multiwire® 
is a registered 
trademark 
of Multiwire 
Corporation. 
Mylar® and Teflon® 
are registered 
trademarks 
of E.!. DuPont 
de Nemours 
Company. 
PAL® is a registered 
trademark 
of and used under 
license 
from Advanced 
Micro Devices, 
Inc. 
Sentry® 
is a registered 
trademark 
of Schlumberger 
Limited. 


LIFE SUPPORT 
POLICY 


NATIONAL'S 
PRODUCTS 
ARE NOT AUTHORIZED 
FOR USE AS CRITICAL 
COMPONENTS 
IN LIFE SUPPORT 
DEVICES 
OR 
SYSTEMS 
WITHOUT 
THE 
EXPRESS 
WRITIEN 
APPROVAL 
OF THE PRESIDENT 
OF NATIONAL 
SEMICONDUCTOR 
COR· 
PORATION. 
As used herein: 


1. Life support 
devices 
or systems 
are devices 
or systems 
2. A critical 
component 
is any component 
of a life support 
which, 
(a) are intended 
for surgical 
implant 
into the body, 
device or system whose failure to perform 
can be reason· 
or (b) support 
or sustain 
life, and whose 
failure 
to per- 
ably expected 
to cause 
the failure 
of the life support 
de· 
form, when 
properly 
used in accordance 
with instructions 
vice or system, 
or to affect 
its safety 
or effectiveness. 


for use provided 
in the 
labeling, 
can 
be reasonably 
ex- 
pected 
to result 
in a significant 
injury to the user. 


NationalSemiconductorCorporation 
2900 Semiconductor Drive, P.O. Box 58090, Santa Clara, California 95052-8090 (408) 721·5000 
TWX (910) 339-9240 


National 
does not assume 
any responsibility 
for use of any circuitry described, 
no circuit patent 
licenses 
are implied, and National 
reserves 
the right, at any time 
without notice, to change 
said circuitry or specifications. 
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National's 
F100K ECl family has gained acceptance 
as the standard 
subnanosecond 
logic and memory 
family used in high-speed, 
next generation 
systems. 


The family 
now includes 
the F100K 
300 Series 
de- 
vices that offer specifications 
of DC and AC parame- 
ters 
over 
the 
full 
-4.2V 
to 
-5.7V 
VEE operating 
range 
and 
O°C to 85°C case 
temperature, 
military 
versions 
(- 
55°C to + 125°C), full voltage 
and tem- 
perature 
compensation, 
PCC packaging 
and 2000V 
minimum 
ESD protection. 
Together 
the 
100 Series 
and 300 Series devices 
provide a ultra-high 
perform- 
ance, cost-effective, 
easy to use ECl 
logic family. 


Product Index and Selection Guide 


The 
Product 
Index 
is a numerical 
list of all device 
types contained 
in this book, including 
one page de- 
scriptions 
on 
all 
of 
National's 
other 
ECl 
devices 
(SRAMs, 
PAls 
and 
ASICs). 
The 
Selection 
Guide 
groups the products 
by function 
and by family. 


Section 1 
Family Overview 
1-1 


Discusses 
F100K 
design 
philosophy 
and actualiza- 


tion 
and 
summarizes 
the 
key F100K 
features 
and 
advantages 
in high 
speed 
systems. 
The 
features 
and benefits 
of the 300 Series devices 
are brought 
out in great detail. 


Section 2 
F100K 300 Series Datasheets .. 2·1 


Contains 
individual 
data sheets 
for the F100K 
300 
Series family devices. 


Section 3 
F100K 100 Series Datasheets .. 3-1 


Contains 
individual 
data sheets 
for the F100K 
100 
Series family devices. 


Section 4 
11C Datasheets 
4·1 


Contains 
individual 
data sheets for the 11C devices. 


Section 5 
ECl BiCMOS SRAMs 
5·1 


Contains 
only 
the 
first 
page 
of each 
of the 
ECl 
SiCMOS 
SRAM data sheets. 
For full details 
refer to 
the Memory 
Databook. 


Section 6 
ECl PAls and ASiC's 
6-1 


Contains 
only the first page of each of the 6 ns and 
4 ns ECl 
PAL datasheets, 
and the entire ECl 
ASIC 
datasheet. 
For full details 
on the PAls, 
refer to the 
Programmable 
logic 
Devices 
Databook 
and Design 
Guide. For full details on the ASIC FGE Series, con- 
tact the ASIC Product 
Marketing 
Group. 
For details 
on the ASIC 
FGA Series, 
refer to the 
FGA Series 
ASPECTTM ECl 
Gate Array Datasheet. 


F100K Design Guide and 
Application 
Notes-Section 
7 


Chapter 1 
Circuit Basics 
7-3 


Discusses 
internal 
circuitry 
and logic function 
forma- 
tion. Also, a sample analysis of noise margins is out- 
lined. 


Chapter 2 
logic Design 
7-9 


Features 
brief applications 
of F100K 
logic arranged 
according 
to function. 


Chapter 3 
Transmission Line Concepts. 7-22 


Reviews 
the concepts 
of characteristic 
impedance 
and 
propagation 
delay 
and 
discusses 
termination, 


mismatch, 
reflections 
and associated 
waveforms. 


Chapter 4 
System Considerations 
7-35 


Extends 
the transmission 
line approach 
to the spe- 
cific configurations, 
signal levels and parameter 
val- 
ues of ECl. 
Various 
methods 
of driving 
and termi- 
nating signal lines are discussed. 


Chapter 5 
Power Distribution and 
Thermal Considerations 
..... 
7-48 


Discusses 
power 
supply, 
decoupling 
and 
system 
cooling 
requirements. 
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Chapter 6 
Testing Techniques 
7·55 


Discusses 
various 
methods 
and techniques 
used in 


testing 
ECl 
devices 
(intended 
for those 
concerned 


with customer 
incoming 
inspection). 
Also includes 
a 


section 
on Electrostatic 
Discharge, 
what is ESD and 


how we perform 
our ESD Classification 
testing. 


Chapter 7 
Quality Assurance 
and Reliability 
7-62 


Reviews the quality and reliability 
programs 
currently 


in use. 


Application Notes 
7-67 


Contains 
several application 
notes on designing 
high 


speed systems 
using ECL. 


Section 8 
Ordering Information and 
Package Outlines 
8-1 


Alpha-Numeric Index 


11C01 Dual Input OR/NOR Gate 
4-3 
11C05 1 GHz Divide-by-Four Counter 
4-6 
11C06 750 MHz D-Type Flip-Flop 
4-10 
11C70 Master-Slave D-Type Flip-Flop 
4-14 
11C90 650 MHz Prescaler 
4-20 
11C91 650 MHz Prescaler 
4-20 
AN-573 Design Considerations for High Speed Architectures 
7-67 


AN-582 Using the F100250 for Copper Wire Data Communications 
7-75 
AN-650 The ECl System Solution 
7-88 
AN-651 10K vs 100K ECl I/O System Considerations 
7-92 
AN-682 Terminating F100K ECl Inputs 
7-96 
AN-683 300 MHz Dual Eight-Way Multiplexer/Demultiplexer 
7-98 
AN-684 F100336 Four Stage Counter/Shift 
Register 
7-100 
AN-685 Using the F100181 AlU and F100179 Carry look-Ahead 
7-107 
F100101 Triple 5-lnput OR/NOR Gate 
3-3 
F100102 Quint 2-lnput OR/NOR Gate 
3-6 
F100104 Quint 2-lnput AND/NAND 
Gate 
3-9 
F100107 Quint Exclusive OR/NOR Gate 
3-13 
F100112 Quad Driver 
3-17 
F100113 Quad Driver 
3-21 
F100114 Quint Differential Line Receiver 
3-25 
F100115 low Skew Quad Driver 
3-29 
F100117 Triple 2-Wide OAlOAI Gate 
3-33 
F100118 5-Wide 5-4-4-4-2 OAlOAI Gate 
3-36 
F100121 9-Bit Inverter 
3-40 
F100122 9-Bit Buffer 
3-43 
F100123 Hex Bus Driver 
3-46 
F100124 Hex TTl-to-1 OOKECl Translator 
3-50 
F100125 Hex 1OOKECl-to- TTl Translator 
3-54 
F100126 9-Bit Backplane Driver 
3-58 
F100128 Octal Bidirectional ECl/TTl 
Translator 
3-61 
F100130 Triple D latch 
3-70 
F100131 Triple D Flip-Flop 
3-76 
F100135 Triple JK Flip-Flop 
3-84 
F100136 4-Stage Counter/Shift 
Register 
3-90 
F100141 8-Bit Shift Register 
3-100 


F100142 4 x 4 Content Addressable Memory 
3-106 
F100150 Hex D latch 
3-113 
F100151 Hex D Flip-Flop 
3-119 
F100155 Quad Multiplexer/latch 
3-125 
F100156 Mask/Merge 
latch 
3-131 
F100158 8-Bit Shift Matrix 
3-137 
F100160 Dual Parity Checker/Generator 
3-145 
F100163 Dual 8-lnput Multiplexer 
3-150 
F100164 16-lnput Multiplexer 
3-155 
F100165 Universal Priority Encoder 
3-160 
F100166 9-Bit Comparator 
3-166 
F100170 Universal Demultiplexer/Decoder 
3-171 
F100171 Triple 4-lnput Multiplexer with Enable 
3-176 
F100175 Quint 100K-to-10K latch 
3-181 
F100179 Carry lookahead 
Generator 
3-187 


Alpha-Numeric 
Index(continUed) 


F100180 High-Speed 6-Bit Adder 
3-194 
F100181 4-Bit Binary/BCD AlU 
3-199 
F100182 9-Bit Wallace Tree Adder 
3-206 
F1001832 x 8-Bit Recode Multiplier 
3-214 
F100250 Quint Full Duplex Line Transceiver 
3-226 
F100301 low Power Triple 5-lnput ORINOR Gate 
2-3 
F100302 low Power Quint 2-lnput OR/NOR Gate 
2-8 
F100304 low Power Quint AND/NAND 
Gate 
2-13 
F100307 low Power Quint Exclusive ORINOR Gate 
2-17 


F100311 low Skew 9-Bit Clock Driver 
2-21 


F100313 low Power Quad Driver 
2-22 
F100314 low Power Quint Differential Line Receiver 
2-27 
F100321 low Power 9-Bit Inverter 
2-28 
F100322 low Power 9-Bit Buffer 
2-34 
F100324 low Power Hex TTl-to-ECl 
Translator 
2-38 
F100325 low Power Hex ECl-to-TTl 
Translator 
2-43 


F100328 low Power Octal ECLlTTl 
Bidirectional Translator with latch 
2-50 
F100329 low Power Octal ECLlTTl 
Bidirectional Translator with Register 
2-51 
F100331 low Power Triple D Flip-Flop 
2-52 
F100336 low Power 4-Stage Counter/Shift 
Register 
2-53 
F100341 low Power 8-Bit Shift Register 
2-68 
F100343 low Power Octal latch 
2-76 
F100344 low Power Octal latch with Cutoff Drivers 
2-83 
F100350 low Power Hex D latch 
2-90 
F100351 low Power Hex D Flip-Flop 
2-91 
F100352 low Power Octal Buffer with Cutoff Drivers 
2-98 
F100353 low Power Octal Register 
2-105 
F100354 low Power Octal Register with Cutoff Drivers 
2-112 
F100355 low Power Quad Multiplexer/latch 
2-119 
F100360 low Power Dual Parity Checker/Generator 
2-128 
F100363 low Power Dual8-lnput 
Multiplexer 
2-135 
F100364 low Power 16-lnput Multiplexer 
2-141 


F100370 low Power Universal Demultiplexer/Decoder 
2-142 
F100371 low Power Triple 4-lnput Multipllexer 
2-143 
F100393 low Power 9-Bit ECl-to- TTl Translator with latch 
2-144 


F100395 low Power 9-Bit ECl-to- TTl Translator with Register 
2-145 
FGA Series ASPECT ECl Gate Arrays 
6-11 
NM5100/NM100500 
ECl I/O 256k BiCMOS SRAM 262,144 x 1 Bit 
5-3 
NM51 04INM1 00504 256k BiCMOS SRAM 64k x 4 Bit 
5-4 


NM100492/NM4492 
2k x 9 Advanced Self-Timed SRAM (Preliminary) 
5-7 
NM100494 64k BiCMOS SRAM 16k x 4 Bit. 
5-5 
NM10494 64k BiCMOS SRAM 16k x 4 Bit. 
5-6 
PAL10/1 0016C4-2 2 ns ECl ASPECT Programmable Array logic (PlCC) 
6-8 
PAL10/1 0016P4-2 2 ns ECl ASPECT Programmable Array logic (DIP) 
6-7 
PAL10/1 0016P4A 4 ns ECl Programmable Array logic 
6-6 
PAL10/10016P8 
ECl Programmable Array logic 
6-3 
PAL10/10016P8-3 3 ns ECl ASPECT Programmable Array logic (DiP) 
6-4 


PAL10/10016PE8-3 
3 ns ECl ASPECT Programmable Array logic (PlCC) 
6-5 
PAL10/10016RD8 
ECl Registered Programmable Array logic 
6-9 
PAL10/10016RM4A 
ECl Registered Programmable Array logic 
6-10 
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F100K Product Selection Guide 


Gates 


Function 
Device 
Inputs/ 
No. of 
Leads 
Gate 
Gates 


OR/NOR/Exclusive 
OR 


Low Power Triple 5-lnput 
OR/NOR 
100301 
5 
3 
24,28(PCC) 


Triple 5-lnput 
OR/NOR 
100101 
5 
3 
24 


Low Power Quint 2-lnput 
OR/NOR 
100302 
2 
5 
24,28(PCC) 


Quint 2-lnput 
OR/NOR 
100102 
2 
5 
24 


Dual Input ORINOR 
11C01 
4/5 
2 
16 


Low Power Quint Exclusive 
OR/NOR 
100307 
2 
5 
24,28(PCC) 


Quint Exclusive 
OR/NOR 
100107 
2 
5 
24 


ANDINAND 


Low Power Quint 2-lnput 
AND/NAND 
100304 
2 
5 
24,28(PCC) 


Quint 2-lnput 
AND/NAND 
100104 
2 
5 
24 


OR·AND/OR·AND·INVERT 


Triple 2-Wide OAlOAI 
100117 
2 
3 
24 


5-Wide 5, 4, 4, 4, 20AlOAI 
100118 
5/4/4/4/2 
1 
24 


Flip-Flops 


Function 
Device 
Clock 
Direct 
Direct 
Complementary 
Leads 
Edge 
Set 
Clear 
Outputs 


Low Power Triple D Flip-Flop 
100331 
.../ 
Yes 
Yes 
Yes 
24,28(PCC) 


Triple D Flip·Flop 
100131 
.../ 
Yes 
Yes 
Yes 
24 


Triple J·K Flip·Flop 
100135 
.../ 
Yes 
Yes 
Yes 
24 
Low Power Hex D Flip·Flop 
100351 
.../ 
No 
Yes 
Yes 
24,28(PCC) 


Hex D Flip-Flop 
100151 
.../ 
No 
Yes 
Yes 
24 


750 MHz D Flip-Flop 
11C06 
.../ 
No 
No 
Yes 
16 


Master-Slave 
D Flip·Flop 
11C70 
.../ 
Yes 
Yes 
Yes 
16 


Latches 


Function 
Device 
Enable 
Complementary 
Direct 
Direct 
Leads 
Inputs 
Outputs 
Set 
Clear 


Triple D Latch 
100130 
4(L) 
Yes 
Yes 
Yes 
24 


Low Power Hex D Latch 
100350 
2(L) 
No 
Yes 
Yes 
24,28(PCC) 


Hex D Latch 
100150 
2(L) 
Yes 
No 
Yes 
24 
Low Power Quad 2-lnput 
Mux/Latch 
100355 
2(L) 
No 
Yes 
Yes 
24,28(PCC) 
Quad 2-lnput 
Mux/Latch 
100155 
2(L) 
Yes 
No 
Yes 
24 


Mask-Merge 
Latch 
100156 
1(L) 
No 
No 
No 
24 


Quint 100K·to-10K 
Latch 
100175 
2(L) 
No 
No 
Yes 
24 


Low Power 8-Bit Latch 
100343 
2(L) 
No 
No 
No 
24,28(PCC) 
Low Power 8-Bit Latch w/Cutoff 
100344 
3(Ll 
No 
No 
No 
24,28(PCC) 


Drivers and 250 
Drive 
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Function 
Device 
Enable 
Complementary 
Leads 
Inputs 
Outputs 


Multiplexers 


Low Power Quad 2-lnput 
Mux/Latch 
100355 
2(L) 
Yes 
24,28(PCC) 


Quad 2-lnput 
Mux/Latch 
100155 
2(L) 
Yes 
24 


Low Power Dual 8-lnput 
100363 
No 
24,28(PCC) 


Dual 8-lnput 
100163 
No 
24 


Low Power 16-lnput 
100364 
No 
24,28(PCC) 


16-lnput 
100164 
No 
24 


Low Power Triple 4-lnput 
100371 
1(L) 
Yes 
24,28(PCC) 


Triple 4-lnput 
100171 
1(L) 
Yes 
24 


Decoders/Demultiplexers 


Low Power DuaI1-of-4/Single 
1-of-8 
100370 
2(L) & 2(L) 
No 
24,28(PCC) 


Dual 1 of 4/Single 
1 of 8 
100170 
2(L) & 2(L) 
No 
24 


Function 
Device 
Enable 
Features 
Complementary 
Leads 
Inputs 


Low Power Hex TIL-to-1 
OOK ECL 
100324 
1(H) 
Flow-thru 
Outputs 
24,28(PCC) 


Hex TIL-to-1 
OOK ECL 
100124 
1(H) 
Flow-thru 
Outputs 
24 


Low Power Hex 100K ECL-to-TIL 
100325 
Flow-thru 
Inputs 
24,28(PCC) 


Hex 100K ECL-to-TIL 
100125 
Flow-thru 
Inputs 
24 


Low Power Octal Bidirectional 
ECL/TIL 
100328 
1(H) 
Latch 
24,28(PCC) 


Low Power Octal Bidirectional 
ECL/TIL 
100329 
Register 
24,28(PCC) 


Octal Bidirectional 
ECL/TIL 
100128 
1(H) 
Latch 
24 


Quint 100K-to-10K 
100175 
2(H) 
Latch 
24 


Low Power 9-Bit ECL-to- TIL 
100393 
1(H) 
Latch 
24,28(PCC) 


Low Power 9-Bit ECL-to-TIL 
100395 
Register 
24,28(PCC) 


Function 
Device 
Clock 
Complementary 
Leads 
Inputs 
Outputs 


Registers 


Low Power 8-Bit Register 
100353 
-./ 
No 
24,28(PCC) 


Low Power 8-Bit Register 
w/Cutoff 
100354 
-./ 
No 
24,28(PCC) 


Drivers and 25.11Drive 


Shift Registers 


Low Power 4-Bit Bidirectional 
Shift Reg. 
100336 
-./ 
Yes 
24,28(PCC) 
4-Bit Bidirectional 
Shift Reg 
100136 
-./ 
Yes 
24 
Low Power 8-Bit Shift Register 
100341 
-./ 
No 
24,28(PCC) 
8-Bit Shift Register 
100141 
-./ 
No 
24 


Function 
Device 
25.11 
Output 
Leads 
Drive 
Cutoff 


Low Power 8-Bit Latch 
100343 
No 
No 
24,28(PCC) 
Low Power 8-Bit Latch 
100344 
Yes 
Yes 
24,28(PCC) 
Low Power 8-Bit Buffer 
100352 
Yes 
Yes 
24,28(PCC) 


Low Power 8-Bit Register 
100353 
No 
No 
24,28(PCC) 


Low Power 8-Bit Register 
100354 
Yes 
Yes 
24,28(PCC) 


Buffers/Drivers/Receivers 


Function 
Device 
Output 
250 
Output 
Leads 
Polarity 
Drive 
Cut-Off 


Buffers/Inverters 


Low Power 9-Bit Inverter 
100321 
Inverting 
No 
No 
24,28(PCC) 


9-Bit Inverter 
100121 
Inverting 
No 
No 
24 


Low Power 9-Bit Buffer 
100322 
Non-Inverting 
No 
No 
24,28(PCC) 


9-Bit Buffer 
100122 
Non-Inverting 
No 
No 
24 


Low Power 8-Bit Buffer 
100352 
Non-Inverting 
Yes 
Yes 
24,28(PCC) 


Drivers/Bus 
Drivers 


Low Power Quad Line Driver 
100313 
Differential 
No 
No 
24,28(PCC) 


Quad Line Driver 
100113 
Differential 
No 
No 
24 


Quad Line Driver 
100112 
Differential 
No 
No 
24 


Low Skew Quad Clock Driver 
100115 
Differential 
No 
No 
16 


Low Skew 9-Bit Clock Driver 
100311 
Differential 
No 
No 
28(PCC) 


Hex Bus Driver 
100123 
Non-Inverting 
Yes 
Yes 
24 


9-Bit Backplane 
Driver 
100126 
Non-Inverting 
No 
No 
24 


Receivers/Transceivers 


Low Power Quint Differential 
Line Receiver 
100314 
Differential 
No 
No 
24,28(PCC) 


Quint Differential 
Line Receiver 
100114 
Differential 
No 
No 
24 


Quint Full Duplex 
Line Transceiver 
100250 
Differential 
No 
No 
24 


Counters/Prescalers 


Function 
Device 
Parallel 
Reset 
Up/Down 
Leads 
Entry 


Counters 


Low Power 4-Bit Binary Counter 
100336 
S 
S/A 
Yes 
24,28(PCC) 


4-Bit Binary Counter 
100136 
S 
S/A 
Yes 
24 


1 GHz Divide-by-Four 
Counter 
11C05 
No 
No 
16 


Prescalers 


650 MHz Prescaler 
11C90 
No 
No 
16 


650 MHz Prescaler 
11C91 
No 
No 
16 


Arithmetic 
Operators 


Function 
Device 
Features 
Leads 


High Speed 6-Bit Adder 
100180 
24 
Carry Lookahead 
100179 
24 
4-Bit Binary/BCD 
ALU 
100181 
8 Logic/8 
Arithmetic 
Ops 
24 
9-Bit Wallace 
Tree Adder 
100182 
Expandable 
24 
2 x 8-Bit Recode 
Multiplier 
100183 
24 
Low Power Dual9-Bit 
Parity Checker/Generator 
100360 
Expandable 
24,28(PCC) 
Dual9-Bit 
Parity Checker/Generator 
100160 
Expandable 
24 
9-Bit Comparator 
100166 
Expandable 
24 
8-lnput 
Priority Encoder 
100165 
Dual 4-BitlSingle 
8-Bit 
24 
8-Bit Shift Matrix 
100158 
Barrel Shift, Backfill 
24 
4-Bit Mask-Merge/Latch 
100156 
Bit-Selectable 
Merge 
24 
4 x 4-Bit Content 
Addressable 
Memory 
100142 
24 


Part 
Organization 
1/0 Level 
VEE 
Access 
(ns) 
Leads 
Temperature 


Number 
Range 


NM5100 
256k x 1 
100K 
-5.2V 
±5% 
15 
24 
O'Clo 
+ 85'C 


NM100500 
256k x 1 
100K 
-4.2Vlo 
-4.8V 
15 
24 
O'Clo 
+85'C 


NM5104 
64k x 4 
100K 
-5.2V 
±5% 
12,15 
28 
O'Clo 
+85'C 


NM100504 
64k x4 
100K 
-4.2Vlo 
-4.8V 
15 
28 
O'Clo 
+85'C 


NM100494 
16k x4 
10K 
-4.2V 
10 -4.8V 
15,18 
28 
O'Clo 
+85'C 


NM10494 
16k x4 
100K 
-5.2V 
±5% 
10,12,15 
28 
O'Clo 
+ 75'C 


NM100492 
2kx 
9 
100K 
-4.2V 
10 -4.8V 
7,10 
64 
O'Clo 
+ 75'C 


NM4492 
2kx 
9 
100K 
-5.2V 
±5% 
5,7, 
10 
64 
O'Clo 
+ 75'C 


Part Number 
Tpo(Max) 
Ice (Max) 
Outputs 
Leads 
(Note 
1) 
Combinatorial 
Registered 


PAL1016P8 
6 ns 
-240 
mA 
8 
24 


PAL10016P8 
6ns 
-240 
mA 
8 
24 


PAL1016P4A 
4 ns 
-220 
mA 
4 
24 


PAL10016P4A 
4 ns 
-220 
mA 
4 
24 


PAL1016PE8-3 
3 ns 
-180 
mA 
8 
28 


PAL 10016PEB-3 
3 ns 
-180 
mA 
8 
28 


PAL 1016P8-3 
3 ns 
-180mA 
B 
24 


PAL10016P8-3 
3 ns 
-180mA 
B 
24 


PAL 1016C4-2 
2 ns 
-180mA 
4 
28 


PAL10016C4-2 
2 ns 
-180mA 
4 
28 


PAL 1016P4-2 
2 ns 
-180mA 
4 
24 


PAL 10016P4-2 
2 ns 
-180mA 
4 
24 


PAL1016RD8 
6 ns 
-280 
mA 
B 
24 


PAL 10016RD8 
6 ns 
-280 
mA 
B 
24 


PAL 1016RM4A 
4 ns 
-220 
mA 
4 
24 


PAL 10016RM4A 
4 ns 
-220 
mA 
4 
24 


Note 1: Maximum 
tpo for combinatorial 
outputs (commercial 
operating 
range). Denotes 
characteristic 
speed of family where 
product has all registered 
outputs. 


For further information 
on the EeL PALs. see the one page description 
of the devices 
in this book; or refer to the Programmable 
Logic Devices 
Databook 
and 


Design Guide. 
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Part 
Equivalent 
Internal 
Internal 
c:: 
Leads 
n 
Number 
Gates 
Cells 
Gate Delay 
- 
en 
FGE0050 
60 
4 
225 ps 
24 
CD 
CD 
FGE0500 
680 
50 
225 ps 
84 
n- 
FGE2000 
2500 
224 
225 ps 
132 
O· 


FGE2450 
2840 
252 
225 ps 
99 
:;, 


FGE2500 
2840 
252 
225 ps 
156 
C) 
c:: 
FGE6300 
6300 
560 
250 ps 
301 
a: 


FGE6320R 
3500 plus 
280 
250 ps 
301 
CD 


2.3k Bits RAM 


For further information 
on the Eel FGE Series Gate Arrays. contact the ASIC Product Marketing 
Group. 
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Part 
Equivalent 
Internal 
Internal 
Leads 
Number 
Gates 
Cells 
Gate Delay 


FGA0150 
269 
75 
150 ps 
16,24,28 


FGA0200 
269 
75 
150 ps 
16,24,28 


FGA0600 
792 
240 
150 ps 
44, 75 


FGA1300 
1642 
528 
150 ps 
75,109,116 


FGA2800 
3035 
1044 
150 ps 
75,109,116 


FGA4000 
4704 
1600 
150 ps 
99,132,172,173 


FGABOOO 
8000 
3000 
150 ps 
99, 132, 172, 173 


FGA14000 
16709 
5904 
150 ps 
323 


FGA15000 
16644 
5920 
150 ps 
303 


FGA30000 
28486 
10266 
150 ps 
323 


FGA14040R 
7835 plus 
2624 plus 
150 ps 
323 


4.6k Bits RAM 
64 x 9 x 8 RAM 
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Introduction 
Systems designers have found that Emitter Coupled logic 
(ECl) circuits offer significant advantages to high-speed 
systems. These advantages include high switching rates 
with moderate power consumption, low propagation delays 
with moderate edge rates, and the ability to drive low imped- 
ance transmission lines. Most FlOOK devices have 50 kO 
pull-down resistors on all the inputs. 
The FlOOK ECl 
family is the realization of refinements 
made on ECl design to produce a family of ultrafast logic 
and memory components. These components are capable 
of providing ultimate performance for packaged SSI/MSI, 
are easy to use, and cost effective. 
FlOOK ECl has been accepted as the standard subnanose- 
cond logic and memory family used in high-speed, next gen- 
eration systems. The advance into complex lSI and gate 
arrays is fully supported by the FlOOK SSI/MSI parts. 
Beginning in 1989, National introduced a new line of FlOOK 
ECl 
products, known as 300 Series. These 300 Series 
products are fUlly compatible with existing FlOOK 100 Se- 
ries Products, but offer many improvements. Features in- 
clude much lower power dissipation, stable DC specifica- 
tions over a wider supply voltage range, plastic chip carrier 
(PCG) surface mount packaging, higher electrostatic dis- 
charge (ESD) tolerance, and full Mll-STD-883C qualifica- 
tion levels. The 300 Series family includes pin and function 
compatible versions of several popular 100 Series products, 
as well as many new proprietary products. 
Most of the 300 Series improvements were extensions of 
FlOOK 100 Series design and process techniques. This sec- 
tion will begin with an overiew of the FlOOK 100 Series fami- 
ly, and then discuss the 300 Series improvements. Generic 
references to FlOOK apply to both Series of products. 


F100K 100 Series 
Design Philosophy 
FlOOK 100 Series was designed to meet four key require- 
ments: high speed at reduced power, high level of on-chip 
integration, flexible logic functions, and optimum 1/0 pin as- 
signment. 


Subnanosecond 
Gate Delays 
The subnanosecond internal gate delays of FlOOK 100 Se- 
ries are obtained by the use of ECl design techniques and 
the advanced Isoplanar-Z process. Many circuit approaches 
were carefully considered prior to selecting the optimum 
gate configuation for the FlOOK family. The emitter-follower 
current-switch (E2Cl) and current-mode logic (CMl) gates 
were eliminated mainly because of poor capacitive drive 
and lack of output wired-OR capability; the CMl gate has 
low noise margins. The 2-%D, EFl, DCTIl 
and hysteresis 
gates were eliminated due to the lack of simultaneous com- 
plementary outputs along with difficult temperature and volt- 


age compensation characteristics that lead to the loss of 
system noise immunity. 


The choice narrowed down to the current-switch emitter-fol- 
lower ECl gate which offers the following characteristics: 


• High fan-out capability 
• Simultaneous complementary outputs 
• Excellent AC characteristics 
• Compatibility with existing ECl logic and memories 
• Internal series gating capability 


• Good noise immunity 
• Amenable full compensation and extended temperature 
characteristics 


• External wired-OR capability 
In order to ease drive requirements all circuit inputs were 
designed to have similar loading characteristics; Le.,buffers 
are incorporated where an input pin would normally drive 
more than one on-chip gate. The on-chip delay incurred by 
buffering is less than the system delay caused by an output 
which drives a capacitance of higher than three unit loads. 
Full compensation was selected for the FlOOK Family to 
provide improved switching characteristics. Full compensa- 
tion results in relatively constant signal levels and thresh- 
olds and in improved noise margins over temperature and 
voltage variations from chip to chip, and thus a tighter AC 
window in the system environment. A comparison of fully 
compensated ECl to conventional ECl shows a 2:1 im- 
provement in system AC performance due solely to full 
compensation (Figure 
1-1). And, the improved speed has 
been achieved at reduced power. Power reduction is ac- 
complished by the use of advanced process technology that 
reduces parasitic capacitances and improves tolerances, by 
optimum circuit designs using series gating and collector 
and emitter dotting, and by designing for the use of a - 4.5V 
VEE power supply. FlOOK 100 Series is specified at a VEE 
power supply of -4.2V to -4.8V, but a -5.2V 
± 10% pow- 
er supply can be used to interface with 2 ns ECl families. 


VEE- -4.5V:t7% 
FULLY COMPENSATED 
VTT- -2.0 
V,,'O% 
---UNCOMPENSATED 
Tc·SO·C:t2S·C 
-- - 
---- 
-- 
---- 
- 


"/::0 0/h 


~;%:/"A"/~c 1// 
~-i-- 
-- -- - -- 
- 


TL/F /9908-1 
FIGURE 1-1. Comparison of Propagation Delays 


III 


High On-Chip 
Integration 
Higher on-chip integration is made possible by using the 24- 
pin package to increase the number of signal pins by 62% 
over the conventional 16-pin package. The emphasis in 
F100K is to minimize the number of SSI functions and maxi- 
mize the use of MSI and LSI to reduce wiring delays and 
thus make more efficient use of the fast on-chip switching 
technology. Only 10 SSI functions are needed to serve the 
system needs presently requiring 25 functions in the ECL 
10K family. 


Flexibility 
and Pin Assignment 
F100K was planned to minimize to total number of logic 
functions by increasing the flexibility of each function and by 
making use of more I/O pins. Since next-generation system 
performance and ease of system designs are major F100K 
goals, pin assignment is important and was planned to mini- 
mize crosstalk, noise coupling and feedthrough, to facilitate 
OR-ties and to ease power-bus routing. Some of the key 
considerations in selecting the F100K pin assignments 
were: 
o Locate power pins in the center on opposite sides of the 
DIP package to ease system design and to provide low- 
inductance connections to the chip. 


o Provide two Vcc pins, one for the internal circuit and one 
for the output buffers, to minimize noise coupling. 


o Locate inverting outputs of logically independent gates 
adjacent to each other. This provides the ability to wire 
AND-DR-Invert functions with ease. 


o Locate common pins such as common Reset and com- 
mon Clock at pin number 22 and Address or control in- 
puts at pins 19 and 20 for flatpaks. This is to maximize 
use of Computer Aided Design (CAD) for board layouts. 
o When feasible, mode control pins are used to create mul- 
tipurpose devices. 


Process Technology 


FAST-Z 
Process 
The F100K 100 Series ECL family is fabricated using an 
advanced isoplanar technology called FAST-Z. This pro- 
cess makes possible subnanosecond logic delays and very 
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highly controlled switching characteristics for consistent de- 
vice-to-device high-speed performance. 
The technology can best be described by reviewing the evo- 
lution of the transistor structure from the conventional pla- 
nar and the original Isoplanar II processes to the FAST-Z 
and FAST-LSI processes (Figure 
1-2). The top view shows 
the area needed for each structure; the dashed area is the 
center of the isolation region. 
As in all Isoplanar technologies, the FAST-Z processes se- 
lectively grow a thick oxide between devices instead of the 
P+ region that is present in the planar process. The oxide 
needs no separation from the base-collector regions, result- 
ing in a substantial reduction in device and chip size. The 
base and emitter ends terminate in the oxide wall. The mask 
openings can therefore overlap onto the isolation oxide 
making them self-aligned in that direction. This overlap fea- 
ture means that base and emitter masking does not have to 
meet the extremely close tolerances that might otherwise 
be necessary. In addition, the FAST-Z transistor contacts 
are defined on a single mask layer making them self-aligned 
in the other direction. 
Both the self-alignment feature and the ability to overlap the 
mask openings onto the isolation oxide provide improved 
process control. The need to meet extremely close toler- 
ances that otherwise might be necessary is therefore avoid- 
ed. 
The FAST-Z "walled emitter" structures provide a reduction 
in transistor silicon area of 400 percent as compared to the 
planar structure. The collector-substrate therefore is also 
reduced by 400 percent. The collector-base area is reduced 
by 540 percent. These area reductions, combined with the 
shallower junctions achieved by well controlled ion implan- 
tation processes, provide significantly reduced capacitance 
and resistance values within the FAST-Z transistor struc- 
ture. This, is turn, allows higher speeds. 


FAST-LSI 
Process 
The 300 Series family is fabricated using an advanced iso- 
planar technology called FAST-LSI. The FAST-LSI process 
is similar to FAST-Z, but also includes many improvements 
which enhance performance, manufacturability, and reliabili- 
ty. Metal alignments have been tightened, shortening the 
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distance between base and emitter contacts. This reduces 
the base capacitance, giving FTS of 8 GHz vs 5 GHz for 
FAST-Z. Parasitic capacitances are also reduced, allowing 
products to be designed with lower power consumption. 
The 
FAST-LSI process implements wafer planarization 
techniques to smooth the interconnect metal transitions, 
significantly reducing thermal stresses on the die when en- 
capsulated in molded plastic packaging. In addition, these 
planarization techniques increase metal step coverage to 
typically 65% for first level metal and 75% for second level 
metal. Increased metal thicknesses over a step improve 
current density performance and circuit reliability. First layer 
metal step coverage is improved by the addition of bird's 
head planarization after the oxide isolation process. Second 
layer metal step coverage improvements are provided by a 
technique known as spun-on-glass, an interlayer dielectric 
planarization. 
FAST-LSI is a fully ion-implanted process, providing more 
precise control over doping profiles. This not only improves 
device performance, but also allows tighter manufacturing 
tolerances on transistor gains and resistor values. These 
tighter tolerances were exploited in the design of F100K 
300 Series to meet the same-speed, half-power targets for 
the product line. The field oxide in FAST-LSI is doped (vs. 
undoped in FAST-Z). This lowers current leakage even fur- 
ther while still maintaining the walled emitter structures fea- 
tured in FAST-Z. 
The metal structure of FAST-LSI is also improved. Platinum- 
silicide is used to provide ohmic contacts to N+ and P+ 
regions, as well as Schottky diode contacts to N- 
regions. 


The Schottky diodes are used in the design of the high-per- 
formance TTL output stages in the 300 Series ECL-TTL lev- 
el translators. A titanium-tungsten layer is utilized as a diffu- 
sion barrier against aluminum migration into the underlying 
silicon. Finally, both first and second layer metal use a cop- 
per-doped aluminum metalization which enhances reliability 
by providing a high resistance to electromigration. 


Compensation 
Network 
The heart of F100K is fUlly compensated ECL.1 The basic 
gate consists of three blocks-the 
current switch, the output 
emitter-followers, and the reference or bias network (Figure 
1-3). The current switch allows both conjunctive and dis- 
junctive logic. The output emitter-followers provide high 
drive capability through impedance transformation and al- 
lows for increased logic swing. The bias network sets DC 
thresholds and current-source bias voltages. Temperature 
compensation at the gate output is achieved by incorporat- 
ing a cross-connect branch between the complementary 


collector nodes of the current switch and driving the current 
source 
with 
a 
temperature 
insensitive 
bias 
network2 


(Figure 
1-4). 


vcc 


IE ~ 
RE 


TL/F/9908-8 


FIGURE 
1-4. Temperature Compensation 
As junction temperature increases and the forward base- 
emitter voltage of the output emitter-follower decreases, the 
collector node of the current switch must become more 
negative. Since the current-source bias voltage, Yes, is in- 
dependent of temperature, the switch curent increases with 
temperature due to the temperature dependence of VSEe. 
The combination of temperature controlled current, IE, and 
the cross-connect branch current, lx, forces the proper tem- 
perature coefficient at the collector node of the current 
switch to null out the VSEOtracking coefficient.3 


The schematic for the reference network displays a VSE1 
amplifier in the bottom left corner (Figure 
1-5). Two base- 


emitter junctions are operated at different current densities, 
J1 and J2. The resulting voltage difference, VSE1 minus 
VSE2,appears across R1 and is amplified by the ratio R2/ 
R1. Note that R2 is used twice, once to generate Ves and 
once to generate VSS' The different current densities, J1 
and J2, result in a positive temperature tracking coefficient 
across R2, which cancels the negative diode-tracking coeffi- 
cient of VSE3and VSE4.The Ves and the VSSthus generat- 
ed are temperature insensitive at the extrapolated bandgap 
voltage of silicon1, 2 (approximately 1300 mV).4 Rx in the 
VSEamplifier compensates for process variations of f3 and 
/1VSE.5Voltage regulation is achieved through a shunt regu- 
lator shown at the right side of the schematic. 
III 
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Ves 


Characteristics 


F100K 
compatibility 
with 
existing 
ECl 
logic 
families 
and 


memories 
permit 
direct 
interface 
with 
slower 
logic families 
and ensures 
immediate 
memory 
availability. 
The typical 
log- 


ic swing 
is 800 
mV (Figure 
1-6) and all voltage 
levels 
are 


specified 
with a 500 
load to - 2V at all outputs 
to provide 


transmission 
line drive 
capability. 
However, 
the 
inherently 


low output 
impedance 
(Figure 
1-7) and maximum 
specified 


output current, 
50 mA, make 250 
drive possible 
at any or all 


outputs. 
Alternately, 
of course, 
higher 
termination 
imped- 


ances 
or other 
termination 
schemes 
are also useful. 
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FIGURE 
1·7" Output 
Characteristics 
vs 
Output 
Terminations 


F100K 
exhibits 
relatively 
constant 
output 
levels 
and thresh- 
olds 
over 
the 
O'C to + 85'C 
specified 
temperature 
range 


and 
-4.2V 
to 
-4.8V 
specified 
voltage 
range 
(Figure 
1-8). 


VEE power supply current 
is also constant 
over the specified 


voltage 
range 
(Figure 
1-9); therefore: 


Fully 
Compensated 
ECl 
(over 
VEE range) 
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Uncompensated 
ECl 
(over 
VEE range) 
• 
Propagation 
delay 
is relatively 
constant 
versus 
power 
supply voltage 
variations 
thus tightening 
the AC window. 


-0.6 


• 
Power 
dissipation 
is a linear function 
of the supply 
volt- 
age, reducing 
worst-case 
power 
consumption. 


-0.8 
The typical 
propagation 
delay of an SSI gate function 
driving 
> 
I 
"" 
'" IVI' 
a 500 
transmission 
line is 0.75 ns, including 
package, 
with a 
w 
-'.0 
\ 
\jll 
power 
dissipation 
of 
40 
mW 
resulting 
in a speed-power 
".. 
\/ 
product 
of 30 pJ. For optimized 
MSI functions, 
the internal 
~ 
0 
-1.2 
~I 


gates can dissipate 
< 10 mW with average 
propagation 
de- 
>•... 


1\ 
lay of < 0.5 ns, giving a power-speed 
product 
of < 5 pJ . 
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F1 OOK has a tighter AC window 
over the wide range of envi- 
".. 
ronmental 
conditions; 
thus, the system 
timing 
requirements 
•... 
-' 
-1.2 
are eased 
and maximum 
system 
clock 
rates are increased. 
0> 
At the 
sacrifice 
of AC performance, 
the 
small-signai 
input 
•... 


85'C 
:::l 
85'C 
impedance 
was conservatively 
designed 
to be positive-real 
Q. 
-1.4 
•... 
\ 


:::l 
25°C 
25'C 
over the frequency 
range 
encountered 
by any circuit 
input. 
0 
I 
O'c il 
o'c 
This provides 
adequate 
damping 
to insure AC stability 
within 
•.. -1.6 
t 
~ +- 


the system. 
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1-1 
~ 


0> 


-1.8 
F100K 300 Series 
...:......:: :::::::: 
Design Philosophy 


-2.0 
-1.8 
-1.6 
-1.4 
-1.2 
-1.0 
-0.8 
-0.6 
F100K 
300 
Series 
was 
designed 
to 
improve 
several 
per- 
V,N- 
INPUTVOLTAGE- 
V 
formance 
parameters 
while 
still maintaining 
the speed 
and 
TL/F/9908-13 
functionality 
requirements 
of 
the 
original 
F100K 
family. 
Fully 
Compensated 
ECl 
(over 
temperature) 
These 
new improvements 
enable 
300 Series 
to be used in 
an even broader 
range 
of applications. 


-0.6 


VEe = - ~.5 V ± 7%, 
Rl = so n TO - 2 V 
Most importantly, 
300 Series 
products 
all meet F100K's 
Op- 


-0.8 
timized 
speeds 
and edge rates, while consulting 
up to 50% 


> 
NOR 
OR 
less power. 
These 
lower power 
designs, 
combined 
with the 


I 
manufacturability 
of 
the 
FAST-LSI 
process 
(see 
Process 
.. -1.0 
" 
\ 
Technology), 
enabled 
the 
300 
Series 
line 
to 
be 
reliably 
~ 
0 
-1.2 


X 


packaged 
in plastic 
leaded 
chip carrier 
(PCG) packages. 
A 
> 
graph 
is shown 
comparing 
the 
power 
consumption 
of the 
•.. 
~ -1.4 
F100124 
and F100324 
vs. supply 
voltage 
(Figure 
1-10). In 
::> 


1/ 


0 
addition, 
300 Series 
is designed 
with a more stable 
voltage 
I... -1.6 
reference 
network, 
providing 
a single 
set of DC specifica- 
5 
tions 
across 
a 
wider 
supply 
voltage 
range 
(-4.2V 
to 
> 


-1.8 
-5.7V), 
easing the design 
of 300 Series into systems 
which 
Tc=O'~TO .,8••C 
use -5.2V 
power 
supplies. 
Also, 300 Series 
products 
have 


-2.0 
-1.8 
-1.6 
-1.4 
-1.2 
-1.0 
-0.8 
-0.6 
been 
designed 
to comply 
with 
all MIL-STD-883C 
require- 
VIN - 
INPUT VOLTAGE 
- 
V 
ments, 
including 
operation 
over the full military temperature 


TL/F/990B-15 
range of - 55'C 
to + 125'C. 
Finally, electrostatic 
discharge 


FIGURE 
1·8. Transfer 
Characteristics 
(Continued) 
(ESD) protection 
diodes 
have been added 
to both input and 


output 
circuitry, 
guaranteeing 
a minimum 
of 2000V 
ESD pro- 
tection 
for all 300 Series 
products. 


III 


Several 
new circuits 
were 
utilized 
to achieve 
the perform- 
ance 
improvements. 
The 
stabilized 
DC 
characteristics 
across 
the 
-4.2V 
to 
-5.7V 
power 
supply 
range 
are 
achieved 
through 
use 
of 
an improved 
reference 
network 
(Figure 
1-11). 
This network 
replaces 
a resistor 
with a PNP 
transistor 
(03)' The 
collector-emitter 
voltage 
of 03 varies 
with Vee. 
allowing 
the voltage 
at the base of 06 to remain 
constant 
as Vee 
varies. 
This, 
in turn. 
stabilizes 
both 
Vss 
and Yes, so that as VEE varies 
from 
-4.2V 
to -5.7V, 
Vss 
varies 
no more 
than 
15 mV-20 
mY. (Variation 
of Vss 
in 
F100K 
100 Series 
products 
over 
this 
same 
voltage 
range 
can be as much as 70 mV-80 
mY). The improved 
stability 
of 300 Series vs. Vee is reflected 
in the single set of DC I/O 
specifications 
guaranteed 
across 
this wider 
voltage 
range. 
These 
specifications 
are identical 
to the F100K 
100 Series 
specifications 
listed 
at 
-4.5V. 
As 
shown 
in Figure 
1-12, 
they 
increase 
minimum 
noise 
margins 
guaranteed 
by 300 
Series 
to 140 mY. 
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speeds offered by the FAST-LSI process compensated for 
the 
increased delays introduced by the wider voltage 
swings. Some of the more complex products utilize multi- 
level series gating to achieve higher levels of logic complex- 
ity at while reducing gate delays and power consumption. 
These products employ a Widlar Current Sink (Figure 
1-13) 


to compensate for VBE shifts at - 55'C. In this circuit, the 
emitter resistor is removed from the current source (01), 
providing more voltage headroom at lower temperatures, 
and avoiding saturation of the current source at -55'C. 
A 
second transistor (02), driven by a voltage biased at Ves + 
VBE,provides Ves at its emitter to drive the current source. 
This minimizes power by reducing the loading on the refer- 
ence generator. A temperature-compensated current mirror 
(as) is employed to control the base voltage of the current 
source so that it doesn't move regardless of VEEor temper- 
ature changes. 


. 
. 


output-to-Vee. These diodes (Dl' D2' and Ds) are utilized to 
shunt the current caused by an ESD voltage pulse away 
from either the input or output circuitry. Depending on the 
polarity of the ESD voltage, the diodes either become for- 
ward-biased, directing the current into the supply, or go into 
reverse breakdown, directing the current into the substrate. 
Either way, the ESD-caused current is shunted away from 
the input and output transistors, avoiding damage to the 
circuitry. The diodes are designed to be rugged enough to 
guarantee 2000V of ESD protection on all 300 Series prod- 
ucts (they typically withstand up to 4000V). Even in provid- 
ing this protection level, these diodes have a negligible im- 
pact on input capacitance. Addition of these diodes typically 
adds only tenths of picofarads to each product's input ca- 
pacitance. 


300 
SERIES 
INPUT 


300 
SERIES 
OUTPUT 


System Aspects 


F100K 
provides 
high-density 
digital 
functions 
that 
outper- 


form 
all other 
families 
on the market 
today. 
How does this 
increased 
circuit 
performance 
and 
higher 
on-chip 
density 
improve 
system 
performance? 


Propagation 
delay 
and transition 
times 
vary 
(AC windows) 
when 
functions 
are operated 
at the extremes 
of the speci- 
fied environmental 
ranges. With F100K, these variations 
are 
reduced 
and 
more 
predictable 
system 
timing 
is achieved. 


For synchronous 
machines 
and very high speed 
asynchro- 
nous systems, 
timing 
and its predictability 
are of utmost 
im- 
portance. 
Due 
to 
F100K 
constant 
supply 
current 
versus 
power supply voltage 
and because 
of nearly constant 
levels 
and thresholds 
with respect 
to temperature, 
voltage 
varia- 
tions and gradients, 
speed 
skews 
are minimized. 


Not 
only 
timing 
but 
also 
maximum 
system 
clock 
rate 
is 
affected 
by the 
tighter 
AC window. 
Thus, 
with 
F100K 
the 
system 
designer 
can use a higher speed value in his worst- 
case calculations. 
This can be translated 
into higher 
possi- 


ble system clock 
rates. Therefore, 
a machine 
can perform 
at 
up to twice the frequency, 
solely due to the F100K compen- 


sation features. 
Noise immunity 
will be of utmost importance 
in next generation 
computers, 
since much of the noise gen- 
erated 
within 
the 
system 
is inversely 
proportional 
to 
the 
switching 
transition 
time 
of the 
circuits. 
The 
F100K 
tran- 


sition time is typically 
0.7 ns as compared 
to 2.0 ns in slower 
ECl 
families 
and should 
therefore 
increase 
system 
cross- 


talk by the same ratio. 


F1 OOK combats 
the increased 
system 
noise by maintaining 
a virtually 
invariant 
noise immunity 
with variations 
and gradi- 
ents in power supply voltage, 
ambient 
and junction 
tempera- 


tures. The variation 
in junction 
temperatures 
is much larger 
than in earlier 
computer 
systems 
because 
of the mixture 
of 
lSI 
and SSI functions 
on the same boards. 


Wired-OR 
Capability 


ECl 
outputs 
can be wired together 
where 
wiring 
rules per- 
mit, to form the positive 
logic-OR 
function, 
thus achieving 
an 
extra 
level of gating 
at no parts count 
expense. 
Data buss- 


ing and party line operations 
are facilitated 
by this features. 


Complementary 
Outputs 


A majority 
of F100K 
ECl 
logic elements 
have complemen- 
tary outputs, 
providing 
numerous 
opportunities 
for reduction 
of package 
count 
and power consumption 
when 
mechaniz- 
ing logic equations. 
Further, 
the system 
incurs no extra pen- 


alty 
in time 
delay 
since 
the 
complementary 
ECl 
outputs 


switch 
simultaneously. 


A significant 
advantage 
to complementary 
outputs 
is that, 


since 
both 
the 
true 
and 
complement 
logic 
functions 
are 


available, 
lee imbalance 
can be minimized 
either 
by using 


both outputs 
in the design or merely terminating 
unused 
out- 


puts. In this way, the constant 
current 
characteristic 
of ECl 
is not compromised 
and power 
supply 
noise 
is minimized. 


low 
Output 
Impedance, 
High Current 
Capacity 


As operating 
speeds 
are increased 
to achieve 
the 
higher 


performance 
levels 
demanded 
of digital 
systems, 
ordinary 


wiring 
begins 
to exhibit 
distributed 
parameter 
characteris- 


tics, 
as opposed 
to a lumped 
capacitance 
nature 
at low 


speeds. 


Characteristic 
impedances 
of normal 
wiring 
and printed 
cir- 
cuit 
interconnections 
generally 
fall 
in the 
50n 
to 
250n 


range. With these 
low impedance 
lines and fast transitions, 


the signals 
are attenuated 
by the voltage 
divider 
action 
be- 
tween 
the circuit 
output 
impedance 
and the 
characteristic 


impedance 
of the interconnection. 


Voltage 
mode circuits 
have a HIGH state output 
impedance 


of from 
50n 
to 150n 
and thus 
exhibit 
an output 
stepped 


characteristic, 
first 
reaching 
about 
50% 
of final 
value 
and 
later 
reaching 
the final value 
in another 
step. 
F100K 
ECl 


output 
impedances 
under 
10n 
insure 
a complete, 
full val- 


ued, signal 
into a transmission 
line. Also, 
F100K 
ECl 
out- 


puts are specified 
to drive 
a 50n 
load 
(some 
devices 
are 


specified 
to drive a 25n 
load). Outputs 
are capable 
of sup- 
ply 50 mA or more and can thus support 
the quiescent 
cur- 


rent required 
for passive 
terminations. 


Convenient 
Data Transmission 


The complementary 
high-current 
outputs 
of F100K 
ECl 
ele- 


ments 
are well suited 
for driving 
twisted 
pair or other 
bal- 


anced 
lines in a differential 
mode, 
thereby 
enhancing 
field 


cancellation 
and minimizing 
crosstalk 
between 
subsystems. 


High Common-Mode 
Noise 
Rejection 


Differential 
line receivers 
provide 
common-mode 
noise 
re- 
jection 
of 1V or more for induced 
and ground 
noise. 
Differ- 


ential receiving 
requires 
less signal swing than single ended 
and 
thus 
allows 
more 
reliable 
interpretation 
of low 
signal 
swings. 


Constant 
Supply 
Current 


The 
supply 
current 
drain 
of F100K 
ECl 
elements 
is gov- 
erned by one or more internal 
constant 
current 
sources 
sup- 


plying 
operating 
current 
for differential 
switches 
and 
level 


shifting 
networks. 
Since 
the 
current 
drain 
is the 
same 
re- 
gardless 
of the 
state 
of the 
switches, 
F100K 
ECl 
circuits 


present 
constant 
currents 
loads 
to 
power 
supplies 
(see 


Complementary 
Outputs). 


Features 


F100K 
ECl 
logic 
components 
are designed 
to be used 
in 
high-speed, 
low-noise 
systems 
and offer 
significant 
advan- 
tages 
over other 
logic families. 
Some 
of the important 
fea- 


tures 
and advantages 
are summarized 
below. 


low 
Propagation 
Delay 


F100K 
ECl 
features 
gate delays 
that 
are typically 
0.75 
ns 
(750 picoseconds) 
with counters, 
registers 
and flip-flops 
op- 
erating 
in the 400-500 
MHz range. When compared 
to oth- 
er logic families 
such as Schottky 
TTl 
or slower 
ECl 
fami- 
lies, system 
performance 
can be doubled 
or tripled. 
Tighter 
AC 
distribution 
helps 
system 
timing 
requirements 
and 
in- 
creases 
system 
clock 
rates. 


Moderate 
Edge 
Rates 


Because 
of 
the 
nature 
of 
current 
mode 
switching 
which 
uses differential 
comparison 
techniques 
and avoids transis- 
tor storage 
delays, 
rise times 
can be controlled 
by internal 
time constants 
without 
sacrificing 
throughout 
delays. Slower 
rise times 
minimize 
ringing 
and reflections 
on interconnec- 
tion 
wiring 
and 
simplify 
physical 
design. 
The 
typical 
edge 
rate for F100K 
ECl 
is WIns, 
only about 
80% 
of the edge 
rate of Schottky 
TTL. It can be shown 
that for ECl 
circuits, 
the natural rise and fall times are approximately 
equal to the 
propagation 
delay. This relationship 
is considered 
optimum 
for use in high-speed 
systems. 


Low 
Power 
Loss 
in Stray 
Capacitance 


Energy 
is consumed 
each 
time 
a capacitor 
is charged 
or 
discharged 
so the energy 
loss rate, or power, 
goes up with 


switching 
frequency. 
Since the energy 
stored 
in a capacitor 


is proportional 
to the square 
of the voltage 
and F100K 
ECl 


signal 
swings 
are four to five times 
less than those 
of TIl, 


power 
loss in stray capacitance 
may be an order of magni- 


tude less than that of TIL. 


Low 
Noise 
Generation 


In ECl 
systems, 
power supply lines are not subjected 
to the 


large current 
spikes 
common 
with TIl 
designs. 
Inherently, 


ECl 
is a constant 
current 
family 
without 
the 
totem-pole 


structures 
found 
in TIL 
circuits 
which 
generate 
the 
large 


current 
spikes. 
Since 
ECL voltage 
swings 
are much smaller 


than 
TIl, 
the current 
spikes 
caused 
by charging 
and dis- 
charging 
stray 
capacitances 
are 
much 
smaller 
with 
ECl 


than with TIL 
of comparable 
edge rates. 


low 
Crosstalk 


Induced 
noise signals 
are proportional 
to signal swings 
and 


edge rates. The lower swing and slower edge rate of F100K 
ECL results 
in low levels 
of crosstalk. 


System Benefits 


The National 
F100K 
ECL Family 
offers 
improvements 
over 


other 
ECL families 
such 
as voltage 
and temperature 
com- 
pensation, 
higher 
integration 
levels, 
improved 
packaging, 
planned 
pinouts, 
lower propagation 
delay and more comple- 


mentary 
outputs. 
These 
improvements 
offer measurable 
ad- 
vantages 
to the design(er) 
of high-performance 
systems. 


Easier 
Engineering 


Designers 
have increased 
confidence 
that designs 
realized 


in F100K 
will operate 
with good 
margins 
over voltage 
and 


temperature 
variations 
in 
prototypes, 
production 
models 


and field installations. 
Less effort 
need be expended 
doing 


detailed 
voltage 
and temperature 
calculations 
and testing. 
With noncompensated 
ECL, noise margins 
cannot 
be guar- 


anteed 
unless 
both the receiving 
and transmitting 
circuit op- 


erate 
at the same 
temperature 
and VEE. This can cause 
a 


problem 
when attempting 
to transfer 
a breadboard 
or proto- 


type system 
to production. 


Since 
output 
swings 
and 
input 
thresholds 
remain 
almost 


constant 
over 
temperature 
and 
VEE variations, 
complex 
control 
systems 
for power 
supply 
levels 
and more-than-ad- 


quate cooling 
are not necessary 
with F100K. 
This results 
in 


a more economical 
and better 
operating 
system. 


Circuit 
Design 


F100K 
ECL benefits 
from sound, well-engineered 
circuit de- 


signs. All input pins exhibit positive/real 
input impedance 
to 


eliminate 
system 
oscillations. 
Input bUffering 
is used to re- 
duce loads on lines which 
drive multiple 
internal 
gates. 


High 
Performance 


The 
regulation 
and 
control 
of 
DC 
and 
AC 
parameters 


achieved 
by 
F100K 
ECL 
assures 
that 
signal 
timing 
and 


propagation 
delays 
in critical 
paths are relatively 
insensitive 


to changes 
or gradients 
of temperature 
and supply voltage. 
Guardbands 
can be narrower, 
yet provide 
a higher 
degree 


of confidence 
due to the elimination 
of skew between 
output 


levels 
at one location 
and input threshold 
at another. 


The consistency 
of response 
and security 
of noise margins 


permit 
operation 
at higher 
clock 
rates 
and 
thus 
increase 
system 
performance. 


Easier 
Debugging 


With F100K, debugging 
of systems 
can proceed 
more rapid- 
ly than with uncompensated 
ECL. When a cabinet 
or enclo- 
sure 
is 
opened 
for 
access 
in 
debugging, 
the 
resultant 
change 
in 
thermal 
conditions 
has 
almost 
no 
effect 
on 
F100K 
signal 
swings, 
propagation 
delays, 
edge 
rates 
or 
noise margins. 


Flexibility 


F100K 
is designed 
to operate 
at -4.5V 
for reduced 
power 


dissipation. 
If compatibility 
with other 
ECL families 
is a re- 
quirement, 
F100K 
300 Series 
guarantees 
specifications 
be- 
tween 
-4.2V 
and 
-5.7V 
due to its improved 
voltage 
com- 
pensation 
features. 


Fan-ln/Fan-Out 


All F100K 
ECL outputs 
are specified 
to drive 50n 
transmis- 
sion lines; this makes them suitable 
for driving very-high 
fan- 
out loads. 
In addition, 
some 
F100K 
outputs 
are specified 
to 
drive 25n 
lines, which would 
be the case if a 50n 
party-line 
bus terminated 
at both ends were being driven. 


System 
Design 


F1 OOK ECL was designed 
to be the ultimate 
standard 
pack- 
aged 
IC logic family. 
System 
design 
constraints 
were 
con- 
sidered 
and the F1 OOK famiiy was designed 
for overall 
ease 
of system 
design and use while making the maximum 
use of 
the very fast propagation 
delay available. 


Packaging 


The initial package 
selected 
for the F100K 
family was a 24- 
pin Flatpak, 
0.375 
inches 
square, 
with leads on 50-mil cen- 
ters, 6 leads per side. This package 
was chosen 
because 
its 
electrical 
characteristics 
minimized 
performance 
degrada- 
tions 
of the 
circuit 
and 
its small 
footprint 
optimized 
board 
packing 
density. 
For customers 
who desire 
to use conven- 


tional through-hole 
assembly 
technology, 
the 24-pin 
ceram- 
ic dual in-line 
package 
is available 
as well. 
By utilizing 
the 


available 
F100K 
packages, 
and high chip complexities 
with- 


in the family, 
the user can achieve 
system 
densities 
two to 
three 
times 
higher 
than 
that 
possible 
with 
other 
ECl 
logic 


families. 


In addition 
to the 
ceramic 
DIP and 
ceramic 
flatpak 
pack- 
ages, 
all 300 
Series 
products 
also 
offer 
a 28-pin 
plastic 


leaded chip carrier 
(PCG) package 
for low cost, high density 
surface 
mount 
assembly. 
This 
package 
is approximately 
0.490 inches 
square, 
with J-bend 
leads on 50-mil centers, 
7 


leads per side. The leadframe 
has been designed 
with extra 
thermal 
paths 
which 
provide 
approximately 
45'C/Wt 
in air 
flow of 500 linear feet per minute. 


For information 
on thermal 
resistance 
please 
see section 
on 
Power 
Distribution 
and Thermal 
considerations. 


Using F100K Eel 300 Series in Mili- 
tary Applications 


With the 
introduction 
of National's 
F100K 
ECL 300 Series 


comes 
the 
advent 
of F100K 
ECL 
in military 
applications. 
The special 
concerns 
addressed 
in the 300 
Series 
design 


criteria enables 
this family to specify 
operation 
over the tem- 
perature 
range 
of 
- 55'C 
to + 125'C, 
and to comply 
fully 
with the requirements 
of MIL-STD-883 
Revision 
C. 
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As in the commercial world, with military systems becoming 
more complex, speed becomes a major consideration. 
Speeds which are pushing Schottky and CMOS technolo- 
gies to their maximum performance limits, forcing designers 
to look to faster logic technologies. But speed, of course, is 
not the only consideration military designers have to con- 
tend with. 
Power consumption, 
package/function 
size, 


price, ESD susceptibility, radiation tolerance and operation 
in any of a number of harsh environments must be ad- 
dressed by a military system designer, and all have been 
addressed in the design of the F100K 300 Series Family. 
The relatively high speed-to-power product of the F100K 
ECl 300 Series Family allows these products to be used in 
a wide variety of applications. As systems begin to strain 
under the 30 MHz-40 MHz limits of some of the more con- 
ventional logic families, the 300 Series with its data rates 
exceeding 100 MHz, becomes a viable solution. The re- 
duced power operation offered by the 300 Series product 
line eliminates the last barriers inhibiting the ex1ensive us- 
age of ECl in battery powered systems. Mixing F100K ECl 
300 Series products with other logic families is also made 
easier with a variety of level translators and a wide operat- 
ing voltage range of -4.2V to -5.7V. 


The lower power and improved ESD protection will also en- 
hance the overall reliability of these products. The lower 
power operation will by drawing less current, decrease the 
package temperature and increase the life expectancy of 
these products. The 2000V ESD protection helps eliminate 
the problem of "walking wounded" devices. Those devices 
which may be weakened by improper handling but not to a 
point where the damage could be detected. These "walking 
wounded" devices may eventually drift or even fail during 
operation, causing in some circumstances, a system failure. 
The high radiation tolerance of these products, a benefit 
inherent with the FAST-lSI process, enables these devices 
to withstand large doses of radiation such as those encoun- 
tered in space applications. 
The -4.2V to -5.7V VEEoperating voltage range could be 
perhaps the most significant feature of this family. One set 
of AC and DC electrical specifications over this wide voltage 
supply range means that you will be able to mix 300 Series 
products with other logic families operating over a much 
narrower voltage supply range, without requiring separate 
power supplies. Special care though, should still be taken 
when mixing F100K ECl 300 Series products with other 
logic families. These considerations are addressed in more 
detail in the F100K ECl Design Guide. 


Among the many other benefits this family offers is full tem- 
perature compensation and high noise immunity. Both of 
these features are ex1remelyimportant in the environments 
military systems are subjected to, or standards to which 
they must comply. The temperature compensation circuit of 
F100K ECl ensures stable DC performance over tempera- 
ture changes in the external environment, as well as tem- 
perature fluctuations within a system, or even on one circuit 
board. The high noise immunity provides clean operation 
and few system hiccups due to noise, even when operating 
in a noisy environment. 


Definitions of Symbols and Terms 


AC SWITCHING PARAMETERS 


fCOUNT (Count 
Frequency/Toggle 
Frequency/Operat- 
Ing Frequency): 
The maximum repetition rate at which 


clock pulses may be applied to sequential circuit. Above this 
frequency the device may cease to function. 
tAA (Address Access Time): 50% points of address input 
pulse to data output pulse. 
tACS (Chip Select Access Time): 50% points of select 
pulse to data output pulse/leading edges. 


th (Hold Time): The interval immediately following the ac- 
tive transition of the timing pulse (usually the clock pulse) or 
following the transition of the control input to its latching 
level, during which the data to be recognized must be main- 
tained at the input to ensure its continued recognition. 
tpLH (Propagation 
Delay Time): The time between the 
specified reference points on the input and output voltage 
waveforms with the output changing from the defined lOW 
level to the defined HIGH level. 


tpHL (Propagation 
Delay Time): The time between the 
specified reference points on the input and output voltage 
waveforms with the output changing from the defined HIGH 
level to the defined lOW level. 


tRCS (Chip Select Recovery 
Time): Data output pulse/ 


trailing edges. 
ts (Setup Time): The interval immediately preceding the 
active transition of the timing pulse (usually the clock pulse) 
or preceding the transition of the control input to its latching 
level, during which the data to be recognized must be main- 
tained at the input to ensure its recognition. 


ts (Release Time): The interval immediately preceding the 
active transition of the timing pulse (usually the clock pulse) 
or preceding the transition of the control input to its latching 
level, during which the master set or reset must be released 
(inactive) to ensure valid data is recognized. 
tTLH (Transition Time, LOW to HIGH): The time between 
two specified reference points on a waveform which is 
changing from lOW to HIGH. 


tTHL (Transition Time, HIGH to LOW): The time between 
two specified reference points on a waveform which is 
changing from HIGH to lOW. 
tpw (PUlse Width): The time between 50 percent amplitUde 
points on the leading and trailing edges of a pulse. 


tpHZ (Output 
Disable Time of a TRI-STATE@ Output 


from High Level): The time between the 1.5V level on the 
input and a voltage 0.3V below the steady state output 
HIGH level with the TRI-STATE output changing from the 
defined HIGH level to a high impedance (OFF) state. 


tpLZ (Output Disable Time of a TRI-STATE Output from 
LOW Level): The time between the 1.5V level on the input 
and a voltage 0.3V above the steady state output lOW level 
with the TRI-STATE output changing from the defined lOW 
level to a high impedance (OFF) state. 


tpZH (Output Enable Time of a TRI-STATE Output to a 
HIGH Level): The time between the 1.5V levels of the input 
and output voltage waveforms with the TRI-STATE output 
changing from a high impedance (OFF) state to a HIGH 
level. 


tpZL (Output 
Enable 
Time 
of 
a TRI-STATE 
Output 
to 
a 
LOW 
Level): 
The time between 
the 1.5V levels 
of the input 
and output 
voltage 
waveforms 
with the TRI-STATE 
output 
changing 
from a high impedance 
(OFF) state to a LOW lev- 
el. 


ts, G-G (Skew, 
Gate 
to 
Gate): 
also 
referred 
to as tOST 
(Output 
Skew 
Time): 
the absolute 
value 
of the difference 
between 
the actual 
propagation 
delays 
for any two outputs 
of the same device. 
This applies 
to any combination 
of out- 
puts switching 
LOW to HIGH and/or 
HIGH to LOW. 


tOST (Output 
Skew 
Time): 
the absolute 
value of the differ- 
ence 
between 
the 
actual 
propagation 
delays 
for any two 
outputs 
of the same device. This applies 
to any combination 
of outputs 
switching 
LOW to HIGH and/or 
HIGH to LOW. 


tw 
(Write 
Pulse 
Width): 
50% 
points 
of write 
enable 
input 
pulse. 


tWHA (Address 
Hold 
Time): 
50% 
points 
of address 
pulse 
to trailing 
edge of write enable 
pulse. 


tWHCS (Chip 
Select 
Hold Time): 
50% points of trailing edg- 
es of chip select 
pulse to write enable 
pulse. 


tWHD (Data 
Hold 
Time 
after 
Write): 
50% 
points 
of trailing 
edges 
of data input pulse to write enable 
pulse. 


tWR (Write 
Recovery 
Time): 
50% 
points 
of trailing 
edges 
of write enable 
pulse to data output 
pulse. 


tws 
(Write 
Disable 
Time): 
50% 
points 
of leading 
edges 
of 
write enable 
pulse to data output 
pulse. 


tWSA (Address 
Setup 
Time): 
50% 
points 
of address 
pulse 
to leading 
edge of write enable 
pulse. 


tWSCS (Chip 
Select 
Setup 
Time): 
50% 
points 
of leading 
edges 
of chip select 
pulse to write enable 
pulse. 


tWSD (Data 
Setup 
Time 
Prior 
to 
Write): 
50% 
points 
of 


leading 
edges 
of data input pulse to write enable 
pulse. 


CURRENTS 


Positive 
current 
is defined 
as conventional 
current 
flow into 
a device 
lead. Negative 
current 
is defined 
as conventional 
curent 
flow out of a device 
lead. 


lEE (Power 
Supply 
Current): 
The current 
required 
by each 
device 
from the VEE supply. 
This value 
represents 
only the 
internal 
current 
required 
by the specified 
device, 
and does 
not include 
the current 
required 
for loads or terminations. 


ITTL (Supply 
Current): 
The 
current 
flowing 
into the VTTL 
supply 
terminal 
of a circuit 
with 
the 
specified 
input 
condi- 
tions and the outputs 
open. When not specified, 
input condi- 


tions are chosen 
to guarantee 
worst-case 
operation. 


IIH (Input 
Current 
HIGH): 
The current 
flOWing into a device 
lead with the specified 
VIH applied 
to the input. This value 
represents 
the worst case DC input load that a device 
pres- 
ents to a driving 
element. 


IlL (Input 
Current 
LOW): 
The current 
flowing 
into a device 
lead with the specified 
VIL applied 
to the input. 


10H (Output 
HIGH Current): 
The current 
flowing 
out of the 
output 
when 
it is in the HIGH state. 
For a turned-off 
open- 
collector 
output 
with 
a specified 
HIGH 
output 
voltage 
ap- 
plied, the IOH is the leakage 
current. 


10L (Output 
LOW Current): 
The current 
flowing 
into an out- 
put when 
it is in the LOW state. 


los (Output 
Short 
Circuit 
Current): 
The current 
flowing 
out 
of a HIGH-state 
output when that output 
is short circuited 
to 
ground 
(or other 
specified 
potential). 


10ZH (Output 
OFF Current 
HIGH): 
The current 
flowing 
into 
a disable 
TRI-STATE 
output 
with 
a specified 
HIGH 
output 
voltage 
applied. 


10ZL (Output 
OFF Current 
LOW): 
The current 
flowing 
out 


of a disabled 
TRI-STATE 
output 
with a specified 
LOW out- 


put voltage 
applied. 


VOLTAGES 


All voltage 
values 
are referenced 
to Vee 
(or ground) 
which 
is the most positive 
potential 
in an ECL system. 


VBB 
(Bias 
Voltage): 
The 
internally 
generated 
reference 
voltage 
which 
is used to set the input and output 
threshold 
levels. 


VCC (Circuit 
Ground): 
This is the most positive 
potential 
in 
the 
ECL system 
and 
it is used 
as the 
reference 
level 
for 
other voltages. 


VCCA (Separate 
Circuit 
Ground): 
The circuit ground 
for the 
buffered 
current 
switch. 
Outside 
the package, 
the Vee and 
VeeA leads should 
be connected 
to the common 
Vee distri- 
bution. 
Internally, 
the separation 
of Vee 
and VeeA 
insures 
that any change 
in load currents 
during 
switching 
does 
not 
cause 
a change 
in Vee 
through 
the small 
but finite 
induc- 


tance 
of the VeeA bond wire and package 
lead. 


Vcs 
(Current 
Source 
Voltage): 
The 
internally 
generated 
potential 
used 
to 
control 
the 
level 
of 
the 
active 
current 
source. 


VEE (Power 
Supply 
Voltage): 
This potential 
is the system 
power supply voltage 
and it is the most negative 
potential 
in 
the system. 


VEES (Substrate 
VEE): These 
pins 
(on the 
PCC package 
only) prOVide extra thermal 
conduction 
paths, 
therefore 
re- 
ducing 
(JJA.These 
pins must be connected 
to the VEE plane 
or not connected 
at all. 


VTTL Supply 
Voltage: 
The range 
of the TTL power 
supply 
voltage 
over which the device is guaranteed 
to operate 
with- 
in the specified 
limits. 


VIH (Input 
Voltage 
HIGH): 
The range of input voltages 
that 
represents 
a logic HIGH level in the system. 


VIH (Max): The most positive 
VIH. 


VIH (Min): The most negative 
VIH. This value represents 
the 
guaranteed 
input HIGH threshold 
for the device. 


VIL (Input 
Voltage 
LOW): 
The range of input voltages 
that 
represents 
a logic LOW level in the system. 


VIL (Max): The most 
positive 
VIL. This value 
represents 
the 
guaranteed 
input LOW threshold 
for the device. 


VIL (Min): The most negative 
VIL. 


VOH (Output 
Voltage 
HIGH): 
The range 
of voltages 
at an 
output 
terminal 
with 
the 
specified 
output 
loading 
and with 
the inputs 
conditioned 
to establish 
a HIGH level at the out- 
put. 


VOH (Max): The most positive 
VOH under the specified 
input 
and loading 
conditions. 


VOH (Mln): The most negative 
VOH under the specified 
input 
and loading 
conditions. 


VOHC: The output 
HIGH 
corner 
point 
or guaranteed 
HIGH 
threshold 
voltage 
with 
the 
inputs 
set 
to 
their 
respective 
threshold 
levels. 
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put. 


VOL (Max): 
The most positive 
VOL under the specified 
input 


and loading 
conditions. 


VOL (Min): The most negative 
VOL under the specified 
input 
and loading 
conditions. 


VOLe: The 
output 
LOW 
corner 
point 
or guaranteed 
LOW 


threshold 
voltage 
with 
the 
inputs 
set 
to 
their 
respective 
threshold 
levels. 


VNH (HIGH 
Level 
Noise 
Margin): 
Noise 
margin 
between 
the output 
HIGH level of a driving circuit and the Input HIGH 


threshold 
level 
of its driven 
load. A conservative 
value 
for 


VNH is the difference 
between 
VOHC and VIH (Min)' 


VNL (LOW 
Level Noise Margin): 
Noise margin between 
the 
output 
LOW 
level 
of a driving 
circuit 
and 
the 
Input 
LOW 
threshold 
level of its driven 
load. A conservative 
value 
for 


VNL is the difference 
between 
VIL (Max) and VOLC. 
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F100301 
Low Power Triple 5-lnput OR/NOR Gate 


General Description 


The F1 00301 
is a monolithic 
triple 5-input OR/NOR 
gate. All 


inputs 
have 
50 k.l1 pull-down 
resistors 
and all outputs 
are 
buffered. 


Features 


• 
23% 
power 
reduction 
of the F100101 


• 
2000V 
ESD protection 


• 
Pin/function 
compatible 
with F1 001 01 


• 
Voltage 
compensated 
operating 
range 
= -4.2V 
to -5.7V 


Pin Names 
Description 


Dna, Dnb. Dnc 
Data Inputs 


0a. 0b. Oc 
Data Outputs 


0a.Ob.Oc 
Complementary 
Data Outputs 


D3e 


D4c 


DSe 
°e 
De 


Vcc 


VCCA 
°b 
Db 
Da 
°a 
D1a 
12 


28·Pln 
PCC 
24·Pln 
Quad Cerpak 


D•• 0,leD2avEESDta o. 0. 
D4b D3b DZb VEE D1b DSa 
ITIJIiBJ[IDrn[l][[]rn 


24 
23 
22 
21 
20 
19 • 


Ds. I!1l 
[!] °b 
DSb 
1 
18 
D4a 


Dlb InJ 
rn Db 
D1e 
2 
17 
D3a 
V,,~ 
!IlvCCJ, 
DZe 
3 
16 
DZa 
V"S [§] 
OJ Vcc 


D'b Ij]] 
~ 
vee 
D3e 
4 
15 
D1a 


DJb I!ZJ 
~o, 
D4e 
5 
14 
°a 
o••• 1j]] 
~o, 
DSe 
6 
13 
Da 


12 


Ij]]gg~~~~1§ 


DSb Dte D2c vEES D3c D.tc D5c 
0e 
De Vcc VCCA 0b 
Db 
TLIF/10579-4 
TL/F/10579-3 


24 
DZe 


23 
Ole 


22 
DSb 


21 
D4b 


20 
D3b 


19 
DZb 


18 
VEE 


17 
D1b 


16 
DSa 


15 
D4a 


14 
D3a 


13 
DZa 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired 
(Note 
1) 
Recommended 
Operating 
Conditions 


Case Temperature 
(Tel 
Commercial 
Military 


Supply 
Voltage 
(VEE) 
Commercial 
Military 


-5.7Vto 
-4.2V 
-5.7Vto 
-4.2V 


If Military/Aerospace 
specified devices are required, 
please 
contact 
the 
National 
Semiconductor 
Sales 


Office/Distributors for availability and specifications. 


Storage 
Temperature 
(TSTG) 
- 65·C to + 150·C 


Maximum 
Junction 
Temperature 
(TJ) 
Ceramic 
Plastic 


VEE Pin Potential 
to 
Ground 
Pin 


Input Voltage 
(DC) 


Output Current 
(DC Output 
HIGH) 


ESD (Note 2) 


O·Cto 
+ 85·C 


- 55·C to + 125·C 


+ 175·C 
+ 150·C 


-7.0Vto 
+0.5V 


VEEto 
+0.5V 


-50mA 


;o,2000V 


Commercial 
Version 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND, Tc = O·C to + 85·C (Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-870 
mV 
VIN = VIH(Max) or VIL(Min) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1705 
-1620 
mV 
500. to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH(Min) or VIL(Max) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
mV 
500. to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
Guaranteed 
HIGH Signal for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 
Guaranteed 
LOW Signal for All Inputs 


IlL 
Input LOW Current 
0.50 
I-'A 
VIN = VIL(Min) 


IIH 
Input HIGH Current 
240 
I-'A 
VIN = VIH(Max) 


lEE 
Power Supply Current 
-29 
-17 
-15 
mA 
Inputs Open 


Note 
1: Absolute 
maximum 
ratings are those values beyond which the device 
may be damaged 
or have its useful life impaired. Functional 
operation 
under these 


conditions 
is not 
implied. 


Note 2: ESO testing conforms to MIL·STD·883, 
Method 3015. 


Note 
3: The specified limits represent 
the "worst case" value for the parameter. 
Since these values normally occur at the temperature 
extremes, 
additional 
nolse 
immunity and guard banding 
can be achieved 
by decreasing 
the allowable 
system operating 
ranges. 
Conditions 
for testing shown 
in the tables 
are chosen 
to 
guarantee 
operation 
under "worst case" 
conditions. 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND 


Symbol 
Parameter 
Tc = D·C 
Tc = +25·C 
Tc = +85·C 
Units 
Conditions 


Min 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.50 
1.10 
0.50 
1.15 
0.50 
1.20 
ns 
Figures 
1 and 2 


tpHL 
Data to Output 
(Note 1) 


tTLH 
Transition 
Time 
0.40 
1.20 
0.40 
1.20 
0.40 
1.20 
Figures 
1 and2 
tTHL 
20% to 80%, 80% to 20% 
ns 


Commercial 
Version 
(Continued) 


PCC and Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 
Min 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.50 
1.00 
0.50 
1.05 
0.50 
1.10 
ns 
Figures 
1 and 2 


tpHL 
Data to Output 
(Note 2) 


tTLH 
Transition 
Time 
0.40 
1.10 
0.40 
1.10 
0.40 
1.10 
Figures 
1 and 2 
ns 


tTHL 
20% to 80%, 80% to 20% 


tS,G-G 
Skew, Gate to Gate 
TBD 
TBD 
TBD 
ps 
PCC Only (Note 1) 


Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 


Note 2: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs sWitching. 


Military Version-Preliminary 


DC Electrical Characteristics 
VEE = -4.2V 
to -5.7V, 
VCC = VCCA = GND, Tc = 
- 55'C 
to + 125'C 


Symbol 
Parameter 
Min 
Max 
Units 
Tc 
Conditions 
Notes 


VOH 
Output 
HIGH Voltage 
-1025 
-870 
mV 
O'C to + 125'C 


-1085 
-870 
mV 
-55'C 
VIN = VIH(Max) 
Loading 
with 
1,2,3 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
mV 
O'C to + 125'C 
orVIL 
(Min) 
500. to - 2.0V 


-1830 
-1555 
mV 
-55'C 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
O'C to + 125'C 


-1085 
mV 
-55'C 
VIN = VIH(Min) 
Loading 
with 
1,2,3 


VOLC 
Output 
LOW Voltage 
-1610 
mV 
O'C to + 125'C 
orVIL 
(Max) 
500. to - 2.0V 


-1555 
mV 
-55'C 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
-55'C 
to + 125'C 
Guaranteed 
HIGH Signal 
1,2,3,4 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 
- 55'C to + 125'C 
Guaranteed 
LOW Signal 
1,2,3,4 
for All Inputs 


IlL 
Input LOW Current 
0.50 
I-'A 
- 55'C to + 125'C 
VEE = -4.2V 
1,2,3 


VIN = VIL(Min) 


IIH 
Input HIGH Current 
240 
I-'A 
O'C to + 125'C 
VEE = -5.7V 


VIN = VIH (Max) 


1,2,3 


340 
I-'A 
-55'C 


lEE 
Power Supply Current 
-32 
-12 
mA 
- 55'C to + 125'C 
Inputs Open 
1,2,3 


Note 
1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C). 
then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power·up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at -55°C. 
+ 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 


Nole 3: Sampletesled (MethodSOOS, TableI) on each manufacturedlot at -SS"C. 
+2S"C. 
and + 12S"C. SubgroupsA1. 2. 3, 7. and e. 


Note 4: Guaranteed by applying specified input condition and testing VOH/VOL. 


fII 


VEE = 
-4.2V 
to -b.fV, 
VCC = vCCA = 
l:l1'<U 


Symbol 
Parameter 
Tc = -55°C 
Tc = +2S 
oC 
Tc = + 125°C 
Units 
Conditions 
Notes 
Min 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.40 
1.70 
0040 
1.50 
0040 
1.80 
ns 
1,2,3,5 
tpHL 
Data to Output 
Figures 
1 and 2 


tTLH 
Transition 
Time 
0.30 
1.20 
0.30 
1.20 
0.30 
1.20 
4 
tTHL 
20% to 80%, 
80% to 20% 
ns 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND 


Symbol 
Parameter 
Tc = -55°C 
Tc = +2S 
oC 
Tc = +12S 


oC 
Units 
Conditions 
Notes 
Min 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0040 
1.50 
0040 
1.30 
0040 
1.60 
ns 
1,2,3,5 
tpHL 
Data to Output 
Figures 
1 and 2 
tTLH 
Transition 
Time 
0.30 
1.10 
0.30 
1.10 
0.30 
1.10 
4 


tTHL 
20% to 80%, 80% to 20% 
ns 


Note 
1: FlOOK 
300 
Series 
cold temperature 
testing 
is performed 
by temperature 
soaking 
(to guarantee 
junction 
temperature 
equals 
- 55·C), 
then testing 
immediately 
after power-up. 
This provides "cold start" specs which can be considered 
a worst case condition at cold temperatures. 


Note 
2: Screen 
tested 
100% 
on each device at + 25°C temperature 
only, Subgroup A9. 


Note 3: Sample tested (Method 5005, 
Table I) on each manufactured 
lot at +2S·C,Subgroup A9, and at + 12S·Cand -SS·C temperatures, 
Subgroups Al0 
and 


All. 


Note 
4: Not tested at + 25°C, + 125°C, and - 5S0C temperature 
(design characterization 
data). 


Note 
5: The propagation 
delay specified is for single output sWitching. Delays may vary up to 100 ps with multiple outputs switching. 


Notes: 
Vcc. VCCA ~ +2V, VEE ~ 
- 2.5V 
L1 and l2 = equal length son impedance 
lines 


RT = son terminator 
internal to scope 
Decoupling 
0.' 
"F 
from GND to Vcc and VEE 


All unused outputs are loaded with 50n to GND 
CL = Fixture and stray capacitance 
s; 3 pF 


~ 
National 
~ 
Semiconductor 


F100302 
Low Power Quint 2-lnput OR/NOR Gate 


General Description 


The 
Fl00302 
is a monolithic 
quint 
2-input 
OR/NOR 
gate 
with common 
enable. 
All inputs have 50 kfi pUll-down 
resis- 
tors and all outputs 
are buffered. 


Features 


• 
43% 
power 
reduction 
of the Fl 001 02 


• 
2000V 
ESD protection 


• 
Pin/function 
compatible 
with Fl00l02 


• 
Voltage 
compensated 
operating 
range 
= 
-4.2V 
to -5.7V 


Ordering Code: 
See Section 
8 


Logic Symbol 
Pin Names 
Description 


Dna-One 
Data Inputs 


E 
Enable 
Input 


Oa-Oe 
Data Outputs 


oa-oe 
Complementary 
Data Outputs 


D1X 
D2X 
E 
Ox 
Ox 


L 
L 
L 
L 
H 


L 
L 
H 
H 
L 


L 
H 
L 
H 
L 


L 
H 
H 
H 
L 


H 
L 
L 
H 
L 


H 
L 
H 
H 
L 


H 
H 
L 
H 
L 


H 
H 
H 
H 
L 


H ~ HIGH VoltageLevel 
L ~ LOWVoltageLevel 
Connection 
Diagrams 


24·PlnDIP 
28·Pln pcc 
24-Pln 
Quad Cerpak 


02a D1a 
0. 
VEES 0. 0b 0b 
02e Ole 
E VEE02b 0lb 
O2• 
1 
24 
Ole 
ITIJI!QJ[IDlIDml!llID 


0. 
2 
23 
°2d 


0. 
3 
22 
Old 
D1b IilJ 
[!] De 
Old 
1 
O2, 


°d 
4 
21 
°2e 
D2b ~ 
rn 0e 
°2d 
2 
01, 


°d 
5 
20 
°te 


VEE[gJ 
IIlvctA 
01• 
3 
0, 
VEES~ 
[j] 
Vcc 
VCC 
6 
19 
E 
Elm 
~Vcc 
O2• 
4 
0, 


VCCA 
7 
18 
VEE 
Ole [jZJ 
IllJ Dd 
0. 
5 
°b 


°e 
8 
17 
°2b 
D2e 1m 
~ 
°d 
0. 
6 
°b 
••••••• 
°e 
9 
16 
°lb 
1m~1iJJ~~~~ 


°b 
10 
15 
O2, 
D1dD2dDl.VEES02.0.0, 
0d 
0d Voc VCCA0e 
0e 


°b 
11 
14 
01, 
TL/F/l0580-4 
TL/F/l0580-3 


°a 
12 
13 
0, 


TL/F/l0580-2 


If 
Military I Aerospace 
speclflea 
aevlces 
are 
reqUirea, 
Case Temperature 
(Tc) 
please 
contact 
the 
National 
Semiconductor 
Sales 
Commercial 
O'Cto 
+85'C 
Office/Distributors 
for availability 
and specifications. 
Military 
-55'C 
to + 125'C 


Storage 
Temperature 
(TSTG) 
- 65'C to + 150'C 
Supply 
Voltage 
(VEE) 


Maximum 
Junction 
Temperature 
(TJ) 
Commercial 
-5.7Vto 
-4.2V 


Ceramic 
+175'C 
Military 
-5.7V 
to -4.2V 


Plastic 
+150'C 


VEE Pin Potential 
to 


Ground 
Pin 
-7.0Vto 
+0.5V 


Input Voltage 
(DC) 
VEEto 
+0.5V 


Output Current 
(DC Output 
HIGH) 
-50 
mA 


ESD (Note 2) 
;,,2000V 


Commercial 
Version 


DC Electrical Characteristics 
VEE = -4.2V 
to -5.7V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-870 
mV 
VIN = VIH(Max) or VIL(Minj 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1705 
-1620 
mV 
500 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH(Minj or VIL(Max) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
mV 
500 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
Guaranteed 
HIGH Signal for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 
Guaranteed 
LOW Signal for All Inputs 


IlL 
Input LOW Current 
0.50 
IJoA 
VIN = VIL(Min) 


IIH 
Input HIGH Current 
240 
IJoA 
VIN = VIH(Max) 


lEE 
Power Supply Current 
-45 
-36 
-20 
mA 
Inputs Open 


Note 
1: Absolute 
maximum 
ratings are those values beyond which the device may be damaged 
or have its useful life impaired. 
Functional 
operation 
under these 


conditions 
is not 
implied. 


Note 2: ESD testing conforms to MIL·STD-883, 
Method 3015. 


Note 
3: The specified 
limits represent 
the "worst case" 
value for the parameter. 
Since these values normally occur at the temperature 
extremes, 
additional 
noise 
immunity and guard banding can be achieved 
by decreasing 
the allowable 
system 
operating 
ranges. 
Conditions 
for testing shown 
in the tables 
are chosen 
to 
guarantee 
operation 
under "worst case" 
conditions. 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = -4.2V 
to -5.7V, 
Vcc = VCCA = GND 


Symbol 
Parameter 
Tc = D'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.50 
1.15 
0.50 
1.15 
0.50 
1.25 
ns 


tpHL 
Data to Output 
Figures 
1 and 2 
tpLH 
Propagation 
Delay 
1.10 
1.90 
1.10 
1.90 
1.20 
2.00 
ns 
(Note 1) 
tpHL 
Enable to Output 


tTLH 
Transition 
Time 
0.40 
1.20 
0.40 
1.20 
0.40 
1.20 
Figures 
1 and 2 


tTHL 
20% to 80%, 80% to 20% 
ns 


Note 
1: The propagation 
delay specified 
is for single output sWitching. Delays may vary up to 100 ps with multiple outputs sWitching. 


TC = O'C 
TC = +2S'C 
TC = +8S'C 
- 


Symbol 
Parameter 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.50 
1.05 
0.50 
1.05 
0.50 
1.15 
ns 
tpHL 
Data to Output 
Figures 
1 and 2 


tpLH 
Propagation 
Delay 
1.10 
1.80 
1.10 
1.80 
1.20 
1.90 
ns 
(Note 2) 


tpHL 
Enable to Output 


tTLH 
Transition 
Time 
0.40 
1.10 
0.40 
1.10 
0.40 
1.10 
Figures 
1 and 2 
ns 
tTHL 
20% to 80%, 80% to 20% 


tS,G-G 
Skew, Gate to Gate 
TBD 
TBD 
TBD 
ps 
PCC Only (Note 1) 


Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 


Note 2: The propagation delay specified is for single output sWitching.Delays may vary up to 100 ps with multiple outputs switching. 


Military Version-Preliminary 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND, Tc = 
- 55'C 
to + 125'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Max 
Units 
Tc 
Conditions 
Notes 


VOH 
Output 
HIGH Voltage 
-1025 
-870 
mV 
O'C to + 125'C 


-1085 
-870 
mV 
-55'C 
VIN = VIH(Max) 
Loading 
with 
1,2,3 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
mV 
O'C to + 125'C 
orVIL 
(Min) 
50nto 
-2.0V 


-1830 
-1555 
mV 
-55'C 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
O'C to + 125'C 


-1085 
mV 
-55'C 
VIN = VIH(Max) 
Loading 
with 
1,2,3 


VOLC 
Output 
LOW Voltage 
-1610 
mV 
O'C to + 125'C 
orVIL 
(Min) 
50nto 
-2.0V 


-1555 
mV 
-55'C 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
-55'C 
to + 125'C 
Guaranteed 
HIGH Signal 
1,2,3,4 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 
- 55'C to + 125'C 
Guaranteed 
LOW Signal 
1,2,3,4 
for All Inputs 


IlL 
Input LOW Current 
0.50 
p.A 
- 55'C to + 125'C 
VEE = -5.7V 
1,2,3 
VIN = VIH (Max) 


IIH 
Input HIGH Current 
240 
p.A 
O'C to + 125'C 
VEE = -4.2V 
1,2,3 


340 
p.A 
-55'C 
VIN = VIL(Min) 


'EE 
Power Supply Current 
-48 
-17 
mA 
- 55'C to + 125'C 
Inputs Open 
1,2,3 


Note 
1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals - 55·C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screentested 100%on eachdeviceat - 55'C, + 25'C, and + 125'C,SUbgroups1. 2, 3, 7, and e. 


Note 3: Sampletested (Method5005.Table I) on each manufacturedlot at -55'C, +25'C, and + 125'C,SubgroupsA1, 2, 3, 7, and e. 


Note 4: Guaranteed by applying specified input condition and testing VOH/VOL. 


,--------------------------------------------------, 
..• 
oo 
Co)o 
N 
Military Version-Preliminary 
(Continued) 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -5.7V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = -SS"C 
Tc = +2S"C 
Tc = + 12S"C 
Units 
Conditions 
Notes 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.30 
1.80 
0.40 
1.50 
0.40 
1.70 
ns 


tpHL 
Data to Output 
1,2,3,5 


tpLH 
Propagation 
Delay 
0.60 
2.60 
0.80 
2.30 
0.80 
2.80 
ns 
Figures 
1 and 2 
tpHL 
Enable to Output 


tTLH 
Transition 
Time 
0.30 
1.20 
0.30 
1.20 
0.30 
1.20 
4 
ns 


tTHL 
20% to 80%, 
80% to 20% 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = -SS"C 
Tc = +2S"C 
Tc = + 12S"C 
Units 
Conditions 
Notes 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.30 
1.60 
0.40 
1.30 
0.40 
1.50 
ns 
tpHL 
Data to Output 
1,2,3,5 


tpLH 
Propagation 
Delay 
0.60 
2.40 
0.80 
2.10 
0.80 
2.60 
ns 
Figures 
1 and 2 
tpHL 
Enable to Output 


tTLH 
Transition 
Time 
0.30 
1.10 
0.30 
1.10 
0.30 
1.10 
4 
tTHL 
20% to 80%, 
80% to 20% 
ns 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), 
then testing 
immediately 
after power-up. 
This provides "cold start" specs which can be considered 
a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at +25"C temperature only, Subgroup A9. 


Nole 3: Sample lested (Method SOOS.Table I) on each manufactured 
lot at +2S·C. Subgroup A9, and at + 12S'C and - SS'C temperatures, 
Subgroups A 10 and 
A11. 


Note 
4: Not tested at + 25"C, + 125"C, and - 55"C temperature 
(design characterization 
data). 


Note 
5: The propagation 
delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 


fII 


Notes: 
VCC, VCCA = 
+2V, 
VEE = -2.5V 
L1 and L2 = equal length 500 
impedance 
tines 
AT = 50n terminator 
internal to scope 
Decoupling 
0.1 I'F from GND to VCC and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance 
:5:3 pF 


L1r, 


Vcc 
\ , 
0.1 J,f l1 


-=- 
RT 


-=- 
-=- 


l2 
,-, 
CIRCUIT 
,-, 


UNDER 
\ 
I 
TEST 
\ , 
l 
1 
RT 
-=- 
-=- 


VEE IO.11,F 
--=- 


-=- 


COMPLEMENT 


t 
TLH 


--.\ 


~Nalional 
~ 
Semiconductor 


F100304 
Low Power Quint AND/NAND 
Gate 


General Description 


The 
F100304 
is monolithic 
quint 
AND/NAND 
gate. 
The 


Function 
output 
is the wire-NOR 
of all five AND 
gate 
out- 


puts. All inputs 
have 50 kO pull·down 
resistors. 


Features 


• 
Low Power Operation 


• 
2000V 
ESD protection 


• 
Pin/function 
compatible 
with 
F1 001 04 


• 
Voltage 
compensated 
operating 
range 


-5.7V 


D,. 
O. 


D2. 
O. 


D'b 
Ob 


D2b 
Ob 


D" 
0, 


D2' 
0, 


D'd 
Od 


D2d 
Od 


D•• 
O. 


02. 
O. 


TL/F110581-1 


Pin Names 
Description 


Dna-One 
Data Inputs 


F 
Function 
Output 


Oa-Oe 
Data Outputs 


oa-oe 
Complementary 
Data Outputs 


Connection 
Diagrams 


24·Pln 
DIP 
28·Pln 
PCC 


0. 
1 
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0b 0b 
O2• 
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Absolute Maximum Ratings 
Recommended 
Operating 
Above 
which 
the useful 
life may be impaired 
(Note 
1) 
Conditions 
If 
Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
(Tel 
please 
contact 
the 
National 
Semiconductor 
Sales 
Commercial 
O°Cto 
+ 85°C 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55°C to + 125°C 
Storage 
Temperature 
(TSTG) 
- 65°C to + 150°C 
Supply 
Voltage 
(VEE) 
Maximum 
Junction 
Temperature 
(TJ) 
Commercial 
-5.7Vto 
-4.2V 
Ceramic 
+175°C 
Military 
-5.7Vto 
-4.2V 
Plastic 
+150°C 


VEE Pin Potential 
to Ground 
Pin 
-7.0V 
to + 0.5V 


Input Voltage 
(DC) 
VEEto 
+0.5V 


Output Current 
(DC Output 
HIGH) 
-50mA 


ESD (Note 2) 
;o,2000V 


Commercial 
Version 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND, Tc = O°C to + 85°C (Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1705 
-1620 
mV 
orVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH(Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
mV 
orVIL(Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
fLA 
VIN = VIL (Min) 


IIH 
Input High Current 


D2a-D2e 
250 
fLA 
VIN = VIH(Max) 
Dla-Dle 
350 


lEE 
Power Supply Current 
-69 
-43 
-30 
mA 
Inputs open 


Note 
1: Absolute 
maximum ratings are those values beyond which the device may be damaged 
or have its useful life impaired. 
Functional 
operation 
under these 


conditions 
is not 
implied. 


Nole 2: ESOtestingconformsto MIL-STO-883,Method3015. 


Note 
3: The specified limits represent 
the "worst case" value for the parameter. 
Since these values normally occur at the temperature 
extremes. 
additional 
noise 


immunity and guard banding 
can be achieved 
by decreasing 
the allowable 
system 
operating 
ranges. 
Conditions 
for testing shown 
in the tables 
are chosen 
to 


guarantee 
operation 
under "worst case" 
conditions. 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND 


Symbol 
Parameter 
Tc = DOC 
Tc = +25°C 
Tc = +85°C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.40 
1.75 
0.40 
1.65 
0.40 
1.75 
ns 
tpHL 
Dna-Dne 
to 0,a 


tPLH 
Propagation 
Delay 
1.00 
2.60 
1.00 
2.60 
1.15 
3.20 
ns 
Figures 
1 and 2 
tpHL 
Data to F 


tTLH 
Transition 
Time 
0.35 
1.20 
0.35 
1.20 
0.35 
1.20 
tTHL 
20% to 80%, 80% to 20% 
ns 


PCC and Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +2S'C 
Tc = +8S'C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
De.!?y 
0.40 
1.55 
0.40 
1.45 
0.40 
1.55 
ns 
tpHL 
Dna-One 
to 0, 0 


tpLH 
Propagation 
Delay 
1.00 
2.40 
1.00 
2.40 
1.15 
3.00 
ns 
Figures 
1 and 2 
tpHL 
Data to F 


tTLH 
Transition 
Time 
0.35 
1.10 
0.35 
1.15 
0.35 
1.10 
ns 


tTHL 
20% to 80%, 
80% to 20% 


ts G·G 
Skew, Gate to Gate 
TBD 
TBD 
TBD 
ps 
PCC Only (Note 1) 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND, Tc = 
-55'C 
to + 125'C 


Symbol 
Parameter 
Mln 
Max 
Units 
Tc 
Conditions 
Notes 


VOH 
Output 
HIGH Voltage 
-1025 
-870 
mV 
O'Cto 
+ 125'C 


-1085 
-870 
mV 
-55'C 
VIN = VIH (Max) 
Loading 
with 
1,2,3 


VOL 
Output 
LOW Voltage 
mV 
O'Cto 
orVIL 
(Min) 
50nOto 
-2.0V 


-1830 
-1620 
+ 125'C 


-1830 
-1555 
mV 
-55'C 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
O'Cto 
+125'C 


-1085 
mV 
-55'C 
VIN = VIH (Min) 
Loading 
with 
1,2,3 
VOLC 
Output 
LOW Voltage 
O'Cto 
orVIL 
(Max) 
50nto 
-2.0V 
-1610 
mV 
+ 125'C 


-1555 
mV 
-55'C 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
-55'C 
Guaranteed 
HIGH Signal 
1,2,3,4 
+ 125'C 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 
-55'Cto 
Guaranteed 
LOW Signal 
1,2,3,4 
+ 125'C 
for All Inputs 


IlL 
Input LOW Current 
0.50 
,...A 
-55'Cto 
VEE = -4.2V 
1,2,3 
+ 125'C 
VIN = VIL (Min) 


Input High Current 


D2a-D2e 
250 
,...A 
O'Cto 
D1a-Dle 
350 
+ 125'C 
VEE = -5.7V 


IIH 
VIN = VIH (Max) 
1,2,3 


D2a-D2e 
350 
,...A 
-55'C 
D1a-D1e 
500 


lEE 
Power Supply Current 
-75 
-25 
mA 
-55'Cto 
Inputs Open 
1,2,3 
+ 125'C 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals - 55-C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered 
a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device et -SS'C, 
+2S'C, 
and + 12S'C, Subgroups, 
1, 2 3, 7, and e. 


Note 3: Sample tested (Method SOOS,Table I) on each manufactured 
lot at -SS'C, 
+2S'C, 
and + 12S'C, Subgroups A1, 2, 3, 7, and e. 


Note 4: Guaranteed 
by applying specified input condition 
and testing VOHIVOL. 


-_._ ....- --_.... ----- - ---"'-~_...-..----_ 
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VEE = 
-4.2V 
to -5.7V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = -55·C 
Tc = +25·C 
Tc = + 125·C 
Units 
Conditions 
Notes 
Mln 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.30 
1.90 
0.40 
1.80 
0.30 
2.30 
ns 
tpHL 
Dna-Dne 
to 0,(5 
1,2,3 


tpLH 
Propagation 
Delay 
0.80 
2.90 
0.90 
2.80 
0.90 
3.40 
ns 
Figures 
1 and 2 
tpHL 
Data to F 


tTLH 
Transition 
Time 
0.20 
1.80 
0.30 
1.60 
0.20 
2.00 
4 
ns 
tTHL 
20% to 80%, 80% to 20% 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = -5S·C 
Tc = +25·C 
Tc = +125·C 
Units 
Conditions 
Notes 
Mln 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.30 
1.95 
0.30 
1.85 
0.30 
1.95 
ns 
tpHL 
Dna-Dne 
to 0,(5 
1,2,3 


tpLH 
Propagation 
Delay 
0.90 
2.80 
0.90 
2.80 
1.05 
3.40 
ns 
Figures 
1 and 2 
tpHL 
Data to F 


tTLH 
Transition 
Time 
0.35 
1.10 
0.35 
1.10 
0.35 
1.10 
ns 
4 
tTHL 
20% to 80%, 80% to 20% 


Note 
1: F100K 300 Series cold temperature 
testing 
is performed 
by temperature 
soaking 
(to guarantee 
junction 
temperature 
equals 
-55°C), 
then testing 


immediately 
after power-up. This provides "cold start" 
specs which can be considered 
a worst case condition 
at cold temperatures. 


Note 2: Screen tested 100% on each device at +25°C temperature 
only, Subgroup A9. 


Note 3: Sample tested (Method 5005, Table I) on each mtg. lot at + 25·C, Subgroup A9, and at + 125°C and - 55'C temperatures, 
Subgroups A10 and A11. 


Note 4: Not tested at + 25°C, + 125°C, and - 55°C temperature 
(design characterization 
data). 


COMPLEMENT 
tTLH--.j 


Notes: 


VCC, VCCA ~ 
+2V, 
VEE ~ 
-2.5V 


L1 and L2 = equal length son impedance 
lines 


RT = 50n terminator 
internal to scope 


Decoupling 
0.1 f'F from GND to Vcc and VEE 


All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance 
~ 3 pF 


TLIF/10581-6 


FIGURE 
2. Propagation 
Delay 
and Transition 
Times 


F100307 
Low Power Quint Exclusive OR/NOR Gate 


General Description 


The 
F100307 
is monolithic 
quint 
exclusive-OR/NOR 
gate. 


The Function 
output 
is the wire-OR 
of all five exclusive-OR 


outputs. 
All inputs 
have 50 kfi pull-down 
resistors. 


Features 


• 
Low Power 
Operation 


• 
2000V 
ESD protection 


• 
Pin/function 
compatible 
with 
F100107 


• 
Voltage 
compensated 
operating 
range 
-5.7V 


F = (D1a Ell DzaJ + (Dlb 
Ell DZb) + (DIe 
Ell Dzd + (DId 
Ell 


DZd) + (DIe 
Ell Dze)· 
0. 
0. 
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Oe 
°d 
Od 
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TL/F/l0582-1 


Pin Names 
Description 


Dna-Dne 
Data Inputs 


F 
Function 
Output 


Oa-Oe 
Data Outputs 


Oa-Oe 
Complementary 


Data Outputs 


Connection 
Diagrams 


24-Pln 
DIP 
28-Pin 
PCC 


O2.01.0. 
VEESO.Ob 0b 


0. 
24 
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1J]1!BJ[!]!IDrnmrn 
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19 
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Recommended 
Operating 
Conditions 


Case Temperature 
(Tc) 
Commercial 
Military 


Supply Voltage 
(VEE) 


Commercial 
Military 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 


If Military/Aerospace 
specified devices are required, 
please 
contact 
the 
National 
Semiconductor 
sales 


Office/Distributors for availability and specifications. 


Storage 
Temperature 
(TSTG) 
- 65'C to + 150'C 


Maximum 
Junction 
Temperature 
(TJ) 
Ceramic 
Plastic 


VEE Pin Potential 
to Ground 
Pin 


Input Voltage 
(DC) 


Output Current 
(DC Output 
HIGH) 


ESD (Note 2) 


+ 175'C 
+ 150'C 


-7.0Vto 
+0.5V 


VEEto 
+0.5V 


-50mA 


;<:2000V 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND, Tc = O'C to + 85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 


VOH 
Output HIGH Voltage 
-1025 
-955 
-870 
mV 


VOL 
Output 
LOW Voltage 
-1830 
-1705 
-1620 
mV 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 


VOLC 
Output 
LOW Voltage 
-1610 
mV 


VIH 
Input HIGH Voltage 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 


IlL 
Input LOW Current 
0.50 
p.A 


IIH 
Input HIGH Current 


D2a-D2e 
250 
p.A 


Dla-Dle 
350 


lEE 
Power Supply Current 
-69 
-43 
-30 
mA 


O'Cto 
+ 85'C 
- 55'C to + 125'C 


-5.7Vto 
-4.2V 
-5.7Vto 
-4.2V 


Conditions 


VIN = VIH (Max) 
Loading 
with 


or VIL (Min) 
50n 
to - 2.0V 


VIN = VIH (Min) 
orVIL 
(Max) 


Loading 
with 
50nto 
-2.0V 


Guaranteed 
HIGH Signal 
for All Inputs 


Guaranteed 
LOW Signal 
for All Inputs 


VIN = VIL CMin) 


Inputs Open 


Note 
1: Absolute 
maximum 
ratings are those values 
beyond which the device 
may be damaged 
or have its useful life impaired. 
Functional 
operation 
under these 
conditions 
is not implied. 


Nole 2: ESD testing conforms 
to Mll-STD-883. 
Method 3015. 


Note 
3: The specified 
limits represent 
the "worst case" 
value for the parameter. 
Since these values 
normally occur at the temperature 
extremes, 
additional 
noise 
immunity 
and guard banding 
can be achieved 
by decreasing 
the allowable 
system 
operating 
ranges. 
Conditions 
for testing 
shown 
in the tables 
are chosen 
to 
guarantee 
operation 
under "worst 
case" 
conditions. 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +2S'C 
Tc = +8S'C 
Units 
Conditions 


Min 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.55 
1.90 
0.55 
1.80 
0.55 
1.90 
ns 
tpHL 
D2a-D2e 
to 0,a 


tpLH 
Propagation 
Delay 
0.55 
1.70 
0.55 
1.60 
0.55 
1.70 
ns 
tpHL 
Dla-Dle 
to 0,a 
Figures 
1 and 2 
tpLH 
Propagation 
Delay 
1.15 
2.75 
1.15 
2.75 
1.15 
3.00 
ns 
tpHL 
Data to F 


tTLH 
Transition 
Time 
0.35 
1.20 
0.35 
1.20 


tTHL 
20% to 80%, 
80% to 20% 
0.35 
1.20 
ns 


Commercial 
Version 
(Continued) 


PCC and Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 


Mln 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.55 
1.70 
0.55 
1.60 
0.55 
1.70 
ns 


tpHL 
D2a-D2e 
to 0, (5 


tpLH 
Propagation 
Delay 
0.55 
1.50 
0.55 
1.40 
0.55 
1.50 
ns 
tpHL 
Dla-Dle 
to 0, (5 
Figures 
1 and 2 
tpLH 
Propagation 
Delay 
1.15 
2.55 
1.15 
2.55 
1.15 
2.80 
ns 


tpHL 
Data to F 


tTLH 
Transition 
Time 
0.35 
1.10 
0.35 
1.10 
0.35 
1.10 


tTHL 
20% to 80%, 
80% to 20% 
ns 


ts G-G 
Skew, Gate to Gate 
TBD 
TBD 
TBD 
ps 
PCC Only (Note 1) 


Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 


Military Version-Preliminary 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND, Tc = 
- 55'C 
to + 125'C 


Symbol 
Parameter 
Min 
Max 
Units 
Tc 
Conditions 
Notes 


VOH 
Output 
HIGH Voltage 
-1025 
-870 
mV 
O'Cto 
+ 125'C 


-1085 
-870 
mV 
-55'C 
VIN = VIH (Max) 
Loading 
with 
1,2,3 
VOL 
Output 
LOW Voltage 
O'Cto 
orVIL 
(Min) 
50nto 
-2.0V 


-1830 
-1620 
mV 
+125'C 


-1830 
-1555 
mV 
-55'C 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
O'Cto 
+125'C 


-1085 
mV 
-55'C 
VIN = VIH (Min) 
Loading 
with 
1,2,3 
VOLC 
Output 
LOW Voltage 
O'Cto 
orVIL 
(Max) 
50nO to -2.0V 


-1610 
mV 
+ 125'C 


-1555 
mV 
-55'C 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
-55'C 
Guaranteed 
HIGH Signal 
1,2,3,4 
+ 125'C 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 
-55'Cto 
Guaranteed 
LOW Signal 
1,2,3,4 
+ 125'C 
for All Inputs 


IlL 
Input LOW Current 
0.50 
JJ-A 
-55'Cto 
VEE = -4.2V 
1,2,3 
+ 125'C 
VIN = VIL (Min) 


IIH 
Input High Current 


D2a-D2e 
250 
JJ-A 
O'Cto 


Dla-Dle 
350 
+ 125'C 
VEE = -5.7V 
D2a-D2e 
350 
JJ-A 
-55'C 
VIN = VIH (Max) 
1,2,3 


Dla-D1e 
500 


lEE 
Power Supply Current 
-63 
-30 
mA 
-55'Cto 
Inputs Open 
1,2,3 
+125'C 


Note 
1: FlOOK 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction te~perature equals -55·C), 
then testing 


immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. 
This provides "cold start" specs which can be 


considered 
a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at -55°C, 
+ 25°C, and + 125°C, Subgroups 1, 2 3, 7, and 8. 


Nole 
3: Sampletested (Method5005, TableI) on each manufacturedlot at - 55°C, + 25°C, and + 125°C, SubgroupsA1, 2, 3, 7, and 8. 


Note 4: Guaranteed by applying specified input condition and testing VOH/VOl. 


• 


•.... 
0 
C') 
Military Version-Preliminary 
(Continued) 
00.•.. 
Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
Vee = VCCA = GND 


Symbol 
Parameter 
Tc = -SS"C 
Tc = +2S"C 
Tc = + 12S"C 
Units 
Conditions 
Notes 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tPLH 
Propagation 
Delay 
0.45 
2.10 
0.45 
2.00 
0.45 
2.10 
ns 


tpHL 
D2a-D2e 
to 0, (5 


tpLH 
Propagation 
Delay 
0.45 
1.90 
0.45 
1.80 
0.45 
1.90 
ns 
1,2,3 
tpHL 
D1a-D1e 
to 0, (5 
Figures 
1 and 2 


tpLH 
Propagation 
Delay 
1.05 
2.95 
1.05 
2.95 
1.05 
3.20 
ns 


tpHL 
Data to F 
f---- 


tTLH 
Transition 
Time 
0.35 
1.20 
0.35 
1.20 
0.35 
1.20 
4 
ns 


tTHL 
20% to 80%, 
80% to 20% 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = -SS"C 
Tc = +2S"C 
Tc = + 12S"C 
Units 
Conditions 
Notes 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
tpHL 
D2a-D2e 
to 0, (5 


tpLH 
Propagation 
Delay 


tpHL 
D1a-D1e 
to 0, (5 


tpLH 
Propagation 
Delay 


tpHL 
Data to F 


tTLH 
Transition 
Time 


tTHL 
20% to 80%, 80% to 20% 


Note 
1: F10aK 300 Series cold temperature 
testing 
is performed 
by temperature 
soaking 
(to guarantee 
junction 
temperature 
equals 
- 55-C), then testing 
immediately 
after power·up. This provides "cold start" 
specs which can be considered 
a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C temperature 
only, Subgroup A9. 


Note 3: Sample tested (Method 5005. Table I) on each mfg. lot at + 25'C, Subgroup A9, and at +125'C 
and -55'C 
temperatures, 
Subgroups A10 and A11. 


Note 4: Not tested at +2SoC, + 12SoC, and -5SoC 
temperature 
(design characterization 
data). 
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I 
SCOPE I 
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I 
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1 


RT 
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L2 
I 
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CIRCUIT 
1-, 
I 
SCOPE I 


GENERATOR I 
UNDER 
I CHAN 
B 
, 
I 
TEST 
\ 
I 
1- 
1 
RT 


COMPLEMENT 
tTLH-.l 


Notes: 


Vee. VeeA = +2V, VEE = -2.5V 
L1 and L2 = equal length 50n impedance 
lines 


RT = 50n 
terminator 
internal to scope 
Decoupling 
0.1 I'F from GND to Vee and VEE 


All unused outputs are loaded with 50n to GND 
CL = Fixture and stray capacitance 
~ 3 pF 


~ 
National 
~ 
Semiconductor 


F100311 
Low Skew 1:9 Differential Clock Driver 


General Description 


The 
F100311 
contains 
nine 
low 
skew 
differential 
drivers, 
designed 
for generation 
of multiple, 
minimum 
skew differen- 
tial clocks 
from a single differential 
input (CLKIN, 
CLKIN). 
If 
a single-ended 
input is desired, 
the Vss 
output 
pin may be 
used to drive the remaining 
input line. A HIGH on the enable 
pin (EN) will force 
a LOW on all of the CLKn outputs 
and a 
HIGH 
on all of the 
CLKn 
output 
pins. 
A LOW 
on 
EN will 
return 
control 
of 
the 
CLKn/CLKn 
outputs 
back 
to 
the 
CLKIN/CLKIN 
inputs. 


The skew specifications 
on the F1 00311 are fully tested 
and 
guaranteed. 


Features 


• 
Low output 
to output 
skew 
(,;; 75 ps) 


• 
2000V 
ESD protection 


• 
1:9 low skew 
clock 
driver 


• 
Differential 
inputs 
and outputs 


CLKo 
ClKo 


CLK, 
ill, 


CLK, 
ill, 


CLK. 
ill. 


CLK, 
ill, 


CLKs 
ills 


CLKa 
illa 


CLK7 
ill7 


CLKa 
illa 


~V88 


28-Pln PCC 


C1KaiiXa eLK7Vw, CiJ(7 CLKsax. 


OJ!1iQI[IDIIJl1JlIJill 


illsli1J 


CLKslnJ 
ill,~ 


veCA~ 


eLK,1!ID 


ill.[j] 


CLK.I!ID 


mNC 
mv" 
[I] CLKIN 


CD vee 


~CLKIN 


~EN 


~v[[ 


@J~~IllII?]~~ 
ax, eLK, CiJ(, Vw, eLK, CiXo CLKo 


Pin Names 
Description 


CLKIN, CLKIN 
Differential 
Clock Inputs 


EN 
Enable 


CLKo_a, CLKo_a 
Differential 
Clock Outputs 


Vss 
Vss Output 
NC 
No Connect 


CLKIN 
CLKIN 
EN 
CLKn 
CLKn 


L 
H 
L 
L 
H 


H 
L 
L 
H 
L 
X 
X 
H 
L 
H 
• 


~National 
~ 
Semiconductor 


F100313 
Low Power Quad Driver 


General Description 


The 
F100313 
is a monolithic 
quad driver 
with two OR and 
two 
NOR outputs 
and common 
enable. 
The common 
input 


is buffered 
to minimize 
input loading. 
If the D inputs 
are not 
used the Enable 
can be used to drive sixteen 
50n 
lines. All 


inputs 
have 
50 kn 
pull-down 
resistors 
and all outputs 
are 
buffered. 


Features 


• 
50% 
power 
reduction 
of the F100113 


• 
2000V 
ESD protection 
• 
Pin/function 
compatible 
with F1 00113 
and F100112 


• 
Voltage 
compensated 
operating 
range 
= -4.2V 
to 


-5.7V 


Ordering 
Code: 
See Section 
8 


Logic Symbol 


0" 
D. 
02. 


011 
02. 
0,. 
D. 
02. 


01b 


02b 


0" 
D, 
02c 


01e 
0" 
O'd 
Dd 
o.d 


E 
O'd 
02d 


TLIF/10249-3 


Pin Names 
Description 


Da-Dd 
Data Inputs 


E 
Enable Input 


°na-Ond 
Data Outputs 


Cna-Cnd 
Complementary 
Data Outputs 


Connection 
Diagrams 


24-Pin 
DIP 
28-Pin 
PCC 
24-Pin 
Flatpak 


01. °28 0la VESS°28 02b 0lb 
Cd Dc 
E VEE Cd De. 
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17 0,. 
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16 
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V[ES J}] 
mVee 
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EI!]] 
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0,. 
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lllI Ole 
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16 
O. 
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10 
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°1. 
02eO'e 
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°2b 
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1IID@1IjJ~~~~ 
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12 
13 
O,e. 
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02d 
0ldVEES02d 
02e Ole 
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Absolute Maximum Ratings 
Recommended 
Operating 


Above 
which 
the useful 
life may be impaired 
(Note 
1) 
Conditions 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
(Tc) 
please 
contact 
the 
National 
Semiconductor 
Sales 
Commercial 
O°Cto 
+65°C 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55°C to + 125°C 
Storage 
Temperature 
(T8m) 
- 65°C to + 150°C 
Supply 
Voltage 
(VEE) 
Maximum 
Junction 
Temperature 
(TJ) 
Commercial 
-5.7Vto 
-4.2V 


Ceramic 
+175°C 
Military 
-5.7V 
to -4.2V 
Plastic 
+150°C 


VEE Pin Potential 
to Ground 
Pin 
-7.0Vto 
+0.5V 


Input Voltage 
(DC) 
VEEto 
+0.5V 


Output Current 
(DC Output 
HIGH) 
-50mA 


ESD (Note 2) 
~2000V 


Commercial 
Version 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND, Tc = O°C to +65°C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-670 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1630 
-1705 
-1620 
orVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1165 
-670 
mV 
Guaranteed 
HIGH Signal 


for All Inputs 


VIL 
Input LOW Voltage 
-1630 
-1475 
mV 
Guaranteed 
LOW Signal 


for All Inputs 


IlL 
Input LOW Current 
0.50 
).LA 
VIN = VIL (Min) 


IIH 
Input HIGH Current 


Data 
350 
).LA 
VIN = VIH (Max) 
Enable 
240 


lEE 
Power Supply Current 
-59 
-29 
mA 
Inputs Open 


Note 
1: Absolute 
maximum ratings are those values beyond which the device may be damaged 
or have its useful life impaired. Functional 
operation 
under these 
conditions 
is not implied. 


Nole 2: ESOtestingconformsto MIL·STO·883,Method3015. 


Note 
3: The specified limits represent 
the "worst case" value for the parameter. 
Since these values normally occur at the temperature 
extremes, 
additional noise 


immunity and guardbanding 
can be achieved 
by decreasing 
the allowable 
system operating 
ranges. 
Conditions 
for testing shown in the tables are chosen 
to 
guarantee 
operation 
under "worst case" 
conditions. 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND 


Symbol 
Parameter 
Tc = O·C 
Tc = +25°C 
Tc = +85°C 
Units 
Conditions 
Min 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.55 
1.30 
0.55 
1.30 
0.55 
1.40 
ns 
tpHL 
Data to Output 
Figures 
1 and 2 


tpLH 
Propagation 
Delay 
(Note 1) 
0.60 
1.60 
0.60 
1.60 
0.60 
1.90 
ns 
tpHL 
Enable to Output 


tTLH 
Transition 
Time 
0.45 
1.30 
0.45 
1.30 
0.45 
1.30 
Figures 
1 and 2 


tTHL 
20% to 60%,60% 
to 20% 
ns 


Note 
1: The propagation 
delay specified is for single output switching. Delays may vary up to 150 ps with multiple outputs switching. 


t'\,;\,; ana \,;erpaK A\" Cle\;UI\.ell \,,11ell d\;LCII~L1"~ 


VEE = 
-4.2V 
to -5.7V, 
VCC = 
VCCA = 
GND 


Symbol 
Parameter 
Tc = O·C 
Tc = 
+2S·C 
Tc = 
+8S·C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.55 
1.20 
0.55 
1.20 
0.55 
1.30 
ns 


tpHL 
Data to Output 
Figures 
1 and 2 


tpLH 
Propagation 
Delay 
(Note 2) 


0.80 
1.70 
0.80 
1.70 
0.80 
1.80 
ns 


tpHL 
Enable to Output 


tTLH 
Transition 
Time 
0.45 
1.30 
0.45 
1.30 
0.45 
1.30 
Figures 
1 and 2 
ns 


tTHL 
20% to 80%,80% 
to 20% 


ts,G-G 
Skew, Gate to Gate 
TBD 
TBD 
TBD 
ns 
PCC Only (Note 1) 


Note 1: Gate to gate skew is defined 
as the difference 
in propagation 
delays between 
each of the outputs. 


Note 
2: The propagation 
delay specified 
is for single output sWitching. Delays may vary up to 150 ps with multiple outputs switching. 


Military Version - 
Preliminary 


DC Electrical Characteristics 
VEE = 
-4.2Vto 
-5.7V, 
VCC = 
VCCA = 
GND, Tc 
= 
-55·Cto 
+125·C 


Symbol 
Parameter 
Mln 
Max 
Units 
Tc 
Conditions 
Notes 


VOH 
Output 
HIGH Voltage 
-1025 
-870 
mV 
O·C to + 125·C 


-1085 
-870 
mV 
-55·C 
VIN = VIH (Max) 
Loading 
with 
1,2,3 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
mV 
O·C to + 125·C 
OrVIL(Min) 
50D. to - 2.0V 


-1830 
-1555 
mV 
-55·C 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
O·C to + 125·C 


-1085 
mV 
-55·C 
VIN =VIH 
(Min) 
Loading 
with 
1,2,3 


VOLC 
Output 
LOW Voltage 
-1610 
mV 
O·C to + 125·C 
or VIL (Max) 
50D. to -2.0V 


-1555 
mV 
-55·C 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
- 55·C to + 125·C 
Guaranteed 
HIGH Signal 
1,2,3,4 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 
- 55·C to + 125·C 
Guaranteed 
LOW Signal 
1,2,3,4 
for All Inputs 


IlL 
Input LOW Current 
0.50 
IJoA 
- 55·C to + 125·C 
VEE = 
-4.2V 
1,2,3 


VIN = VIL (Min) 


IIH 
Input HIGH Current 


Data 
350 
IJoA 
O·C to + 125·C 
Enable 
240 
VEE = 
-5.7V 
1,2,3 


Data 
500 
VIN = VIH (Max) 


Enable 
340 
IJoA 
-55·C 


lEE 
Power Supply Current 
-65 
-20 
mA 
- 55·C to + 125·C 
Inputs Open 
1,2,3 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals - 55-C), then testing 
immediately 
without 
aHowing for the junction 
temperature 
to stabilize 
due to heat dissipation 
after 
power·up. 
This provides 
"cold 
start" 
specs 
which can be 


considered 
a worst case condition at cold temperatures. 


Note 
2: Screen 
tested 
100% 
on each device at - 55°C, + 25°C, and + 125°C, SUbgroups 
1, 2, 3, 7, and 8. 


Nole 
3: Sample tested (Method 5005, Table I) on each manufactured 
lot at - 55°C, + 25°C, and + 125°C, Subgroups A1, 2. 3, 7, and B. 


Note 
4: Guaranteed 
by applying specified input condition and testing VOH/VOL. 


Military Version - 
Preliminary 
(Continued) 


Ceramic Dual-In-Line 
Package AC Electrical 
Characteristics 


VEE = 
-4.2V 
to -5.7V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = -SS'C 
Tc = +2S'C 
Tc = +12S'C 
Units 
Conditions 
Notes 


Min 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.45 
1.50 
0.45 
1.50 
0.45 
1.60 
ns 


tPHL 
Data to Output 
1,2,3,5 


tpLH 
Propagation 
Delay 
0.70 
2.00 
0.70 
2.00 
0.70 
2.10 
ns 
Figures 
1 and 2 
tpHL 
Enable to Output 


tTLH 
Transition 
Time 
0.45 
1.30 
0.45 
1.30 
0.45 
1.30 
4 
tTHL 
20% to 80%, 80% to 20% 
ns 


Cerpak AC Electrical 
Characteristics 


VEE = 
-4.2V 
to -5.7V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = -SS'C 
Tc = +2S'C 
Tc = + 12S'C 
Units 
Conditions 
Notes 


Mln 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.45 
1.50 
0.45 
1.50 
0.45 
1.60 
ns 


tpHL 
Data to Output 
1,2,3,5 
tpLH 
Propagation 
Delay 
0.70 
2.00 
0.70 
2.00 
0.70 
2.10 
ns 
Figures 
1 and 2 
tpHL 
Enable to Output 


tTLH 
Transition 
Time 
0.45 
1.30 
0.45 
1.30 
0.45 
1.30 
4 
tTHL 
20% to 80%, 80% to 20% 
ns 


Note 
1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), 
then testing 
immediately 
after power-up. This provides "cold start" specs which can be considered 
a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C, Subgroup A9. 


Note 3: Sample tested (Method 5005, Table 1) on each manufactured 
lot at + 25'C, Subgroup AS, and at + 125'C and - 55'C temperatures, 
Subgroups A 10 and 


AlL 


Note 4: Not tested at + 25°C, + 125°C, and - 5S"C temperature 
(design characterization 
data). 


Note 5: The propagation 
delay specified 
is for single output switching. 
Delays may vary up to 150 ps with multiple outputs switching. 


Test Circuitry 
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r 
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RT I 
-= 
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50 n 


50 n 


50 n 


50 n 
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Notes: 


Vcc, VCCA ~ 
+2V, 
VEE - 
-2.5V. 


L1 and L2 = equal length son impedance 
lines. 


RT = son terminator 
internal to scope. 


Decoupling 
0.1 I'F from GND to Vcc and VEE. 


All unused outputs are loaded with 50n to GND. 


CL = Fixture and stray capacitance 
:s;: 3 pF. 


Pin numbers shown are for flatpak; for DIP see logic 


50 {) 
symbol. 


C").•..S 
Switching Waveforms 
o.•.. 


0.7%0.1ns~~rl 
1=0.7%0.1 
ns 
_ 
~ 
+1.05V 
80"10 


INPUT 
50"10 


_____ 
------ 
+0.31 
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'~" ~~ t"" 
LJ 


COMPLEMENT 
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F100314 
Low Power Quint Differential Line Receiver 


General Description 


The 
F100314 
is a monolithic 
quint 
differential 
line receiver 
with 
emitter-follower 
outputs. 
An internal 
reference 
supply 
(Vss) 
is available 
for single-ended 
reception. 
When 
used in 
single-ended 
operation 
the apparent 
input threshold 
of the 
true 
inputs 
is 25 mV to 30 mV higher 
(positive) 
than 
the 
threshold 
of the complementary 
inputs. 
Unlike other 
F100K 
ECL devices. 
the inputs 
do not have input pull-down 
resis- 
tors. 


Active 
current 
sources 
provide 
common-mode 
rejection 
of 
1.0V in either 
the 
positive 
or negative 
direction. 
A defined 


output 
state exists 
if both inverting 
and non-inverting 
inputs 
are at the same 
potential 
between 
VEE and Vcc. 
The de- 
fined state is logic HIGH on the oa-oe 
outputs. 


Features 


.35% 
power 
reduction 
of the F100114 


• 
2000V 
ESD protection 
• 
Pin/function 
compatible 
with F100114 


• 
Voltage 
compensated 
operating 
range 
= 
-4.2V 
to -5.7V 


Pin Names 
Description 


Da-De 
Data Inputs 


De-De 
Inverting 
Data Inputs 


Oa-Oe 
Data Outputs 


oa-Oe 
Complementary 
Data Outputs 


24-Pin 
DIP 
28-Pin 
PCC 
24-Pin 
Quad 
Cerpak 


0, 
Da D.O. VEn 0. 0b 0b 
0, 
D, v•• VEE Db ~ 
1 
24 
D, 
[j]!iIDrnf]J[I][!]@J 
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°d 
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Dd 
Db II1J 
00, 
Dd 
0, 


°d 
4 
21 
0, 
°b~ 
rn 0, 
°d 
D, 


°d 
5 
20 
D, 
VEE~ 
m VCCA 
D, 
16 
0. 


Vcc 
6 
19 
v•• 
VEES(i]I 
[]]Vcc 
0, 
15 
0, 


VCCA 
7 
18 
V•• 1m 
~Vcc 
0, 
14 
°b 
VEE 
Dc ffZI 
IiZl 0d 
0, 
8 
17 
Db 
5c~ 
~Od 
0, 
°b 


0, 
9 
16 
Db 


°b 
10 
15 
D. 
1!2J11!!1l]]~~~~ 
0d 0d Vcc vCCA0, 
0, 


°b 
11 
14 
D. 
Dd Dd D.VEESD. 
5. 
0. 
TL/F/l0260-3 


0. 
12 
13 
0. 
TL/F/l0260-4 


TL/FI10260-2 


2-27 


~National 
~ 
Semiconductor 


F100321 
Low Power 9-Bit Inverter 


General Description 


The F100321 
is a monolithic 
S·bit inverter. 
The device 
con· 
tains nine inverting 
buffer gates with single input and output. 


All inputs 
have 50 kO pull·down 
resistors. 


Features 


• 
30% 
power 
reduction 
of the F100121 


• 
2000V 
ESD protection 


• 
Pin/function 
compatible 
with F100121 


• 
Voltage 
compensated 
operating 
range 
-5.7V 


VCCA 
1 


03 
2 


02 
3 


°1 
' 
09 
5 


Vcc 
6 


VCCA 
7 


Os 
S 


07 
9 
06 
10 


05 
11 


0, 
12 


2' 
03 
23 
O2 


22 
0, 


21 
09 


20 
Os 


19 
VCCA 


18 
VEE 


17 
~ 


16 
06 


15 
05 


14 
0, 


13 
VCCA 


Pin Names 
Description 


01-09 
Data Inputs 
01-09 
Data Outputs 


28·Pin PCC 


Ds O,VCCAVEESO, 
05 
06 
ITIJ@] m (j](LJ l!J l!J 


°61ill 
°7~ 


VEt Ii] 


VEES 
~ 


VCCA Illi 
°slill 
°91lli 


1i!l11§J1m§J1W1EI~ 
0, 
O2 03 VEES VCCA 03 
02 


TLIF/10609-4 


m 07 
Q]Os 
rn VCCA 
OJ Vcc 


~Vcc 
IllI 09 
~o, 


24-Pln Quad Cerpak 


09 
Os VCCA VEE 
~ 
Os 


0, 09 Vcc 
VCCA OS 07 


TL/F/10609-3 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired 
(Note 
1) 


If Military/Aerospace 
specified devices are required, 


please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors for availability and specifications. 


Storage 
Temperature 
(TSTG) 
- 65'C to + 150'C 


Maximum 
Junction 
Temperature 
(TJ) 


Ceramic 
Plastic 


VEE Pin Potential 
to Ground 
Pin 


Input Voltage 
(DC) 


Output Current 
(DC Output 
HIGH) 


ESD (Note 2) 


Recommended 
Operating 
Conditions 


Case Temperature 
(TcJ 
Commercial 
Military 


Supply 
Voltage 
(VEE) 
Commercial 
Military 


-5.7V 
to -4.2V 


-5.7V 
to -4.2V 


O'Cto 
+65'C 
- 55'C to + 125'C 


+175'C 
+ 150'C 


-7.0Vto 
+0.5V 


VEEto 
+0.5V 


-50mA 


;:o,2000V 


Commercial 
Version 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND, Tc = O'C to + 65'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-670 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1630 
-1705 
-1620 
mV 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
mV 
orVIL(Max) 
50n 
to - 2.0V 


VIH 
Input HIGH Voltage 
-1165 
-670 
mV 
Guaranteed 
HIGH Signal 


for All Inputs 


VIL 
Input LOW Voltage 
-1630 
-1475 
mV 
Guaranteed 
LOW Signal 


for All Inputs 


IlL 
Input LOW Current 
0.50 
J-LA 
VIN = VIL (Min) 


IIH 
Input HIGH Current 
240 
J-LA 
VIN = VIH (Max) 


lEE 
Power Supply Current 
-65 
-30 
mA 
Inputs Open 


Note 
1: Absolute 
maximum 
ratings are those values beyond 
which the device 
may be damaged 
or have its useful life impaired. 
Functonal 
operation 
under these 
conditions 
is not implied. 


Note 2: ESO testing conforms to MIL-STD·883, 
Method 3015. 


Note 
3: The specified 
limits represent 
the "worst case" 
value for the parameter. 
Since these values normally occur at the temperature 
extremes, 
additional 
noise 


immunity and guard banding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 


Commercial 
Version 
(Continued) 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 
VEE = -4.2V 
to -5.7V, Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O·C 
Tc = +2S·C 
Tc = +8S·C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.45 
1.45 
0.45 
1.45 
0.45 
1.55 
ns 
Figures 
1 and 2 


tpHL 
Data to Output 
(Note 1) 


tTLH 
Transition 
Time 
0.35 
1.20 
0.35 
1.20 
0.35 
1.20 
Figures 
1 and 2 
ns 
tTHL 
20% to 80%, 80% to 20% 


Note 
1: The propagation 
delay specified 
is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 


PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V 
to -5.7V, Vee = VeeA = GND 


Symbol 
Parameter 
Tc 
= O"C 
Tc = +2S·C 
Tc = +8S·C 
Units 
Conditions 
Mln 
Max 
Min 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.45 
1.25 
0.45 
1.25 
0.45 
1.35 
ns 
Figures 
1 and 2 


tPHL 
Data to Output 
(Note 2) 


tTLH 
Transition 
Time 
0.35 
1.10 
0.35 
1.10 
0.35 
1.10 
Figures 
1 and 2 
ns 


tTHL 
20% to 80%, 80% to 20% 


ts,G-G 
Skew, Gate to Gate 
TBD 
TBD 
TBD 
ps 
PCCOnly 


(Note 1) 


Note 
1: Gate to gate skew is defined as the difference 
in propagation 
delays between 
each of the outputs. 


Note 
2: The propagation 
delay specified 
is for single output switching. 
Delays may vary up to 200 ps with multiple outputs switching. 


Military Version - 
Preliminary 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V. 
Vcc = VCCA = GND, Tc = 
- 55·C to + 125·C 


Symbol 
Parameter 
Mln 
Max 
Units 
Tc 
Conditions 
Notes 


VOH 
Output 
HIGH Voltage 
-1025 
-870 
mV 
O·Cto 


+ 125·C 


-1085 
-870 
mV 
-55·C 
VIN = VIH (Max) 
Loading 
with 
1,2,3 


VOL 
Output 
LOW Voltage 
O·Cto 
orVIL 
(Min) 
50nto 
-2.0V 


-1830 
-1620 
mV 
+ 125·C 


-1830 
-1555 
mV 
-55·C 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
O·Cto 


+125·C 


-1085 
mV 
-55·C 
VIN = VIH (Min) 
Loading 
with 
1,2,3 


VOLC 
Output 
LOW Voltage 
O·Cto 
orVIL(Max) 
50nto 
-2.0V 


-1610 
mV 
+ 125·C 


-1555 
mV 
-55·C 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 


-55·Cto 
Guaranteed 
HIGH Signal 
1,2,3,4 
+ 125·C 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 
-55·Cto 
Guaranteed 
LOW Signal 
1,2,3,4 
+ 125·C 
for All Inputs 


IlL 
Input LOW Current 
0.50 
,...A 
-55·Cto 
VEE = -4.2V 
1,2,3 
+ 125·C 
VIN = VIL (Min) 


IIH 
Input HIGH Current 
240 
,...A 
O·Cto 


+ 125·C 
VEE = -5.7V 
1,2,3 


340 
,...A 
-55·C 
VIN = VIH (Max) 


lEE 
Power Supply Current 
-70 
-25 
mA 
-55·Cto 
Inputs Open 
1,2,3 
+125·C 


Note 
1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55·C), 
then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered 
a worst case condition at cold temperatures. 


Note 2: SCreentested 100%on eachdeviceat -SS·C. +2S·C. and + 12S·C.Subgroups1. 2. 3. 7. and 8. 


Note 3: Sampletested (MethodSOOS.Table 1) on each manufacturedlot at -SS·C. +2S·C and + 12S·C.SubgroupsA1. 2. 3. 7. and 8. 


Note 
4: Guaranteed 
by applying specified 
input condition and testing VOH/VOL. 
• 


Military Version - 
Preliminary 
(Continued) 


Ceramic Dual-In-Line 
Package AC Electrical 
Characteristics 


VEE = 
-4.2V 
to -5.7V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = -55°C 
Tc = +25°C 
Tc = + 125°C 
Units 
Conditions 
Notes 


Mln 
Max 
Min 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.30 
1.80 
0.40 
1.45 
0.40 
1.80 
ns 
1,2,3,5 
tpHL 
Data to Output 
Figures 
1 and 2 


tTLH 
Transition 
Time 
0.30 
1.20 
0.30 
1.20 
0.30 
1.20 
4 
ns 


tTHL 
20% to 80%, 80% to 20% 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = -55°C 
Tc = +25°C 
Tc = + 125°C 
Units 
Conditions 
Notes 


Min 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.30 
1.80 
0.40 
1.45 
0.40 
1.80 
ns 
1,2,3,5 
tpHL 
Data to Output 
Figures 
1 and 2 


tTLH 
Transition 
Time 
0.30 
1.20 
0.30 
1.20 
0.30 
1.20 
4 
ns 


tTHL 
20% to 80%, 
80% to 20% 


Note 
1: FlOOK 300 Series cold temperature 
testing 
is pertormed 
by temperature 
soaking 
(to guarantee 
junction 
temperature 
equals 
-55°C), 
then testing 
immediately 
after power-up. This provides "cold start" specs which can be considered 
a worst case condition 
at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup A9. 
Nole 3: Samplelesled (MelhodSOOS,Table 1) on each mfg.lot at +2S'C,SubgroupA9, and at + 12S'Cand - SS'Ctemperalures,SubgroupsA10 and A1'. 


Note 4: Not tested at + 25°C, + 125°C, and - 55°C temperature 
(design characterization 
data). 


Note 5: The propagation 
delay specified 
is for single output switching. 
Delays may vary up to 200 ps with multiple outputs sWitching. 


Test Circuitry 
L1,~, 
I 
SCOPE 1 


Vcc 
F ' , 
I CHAN A 
H'" l 
RT 
1 
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-= 
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L2 
I, 
PULSE 
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CIRCUIT 
,-, 
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I CHAN B 
l. 
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RT 
-=- 
vtfO~'F~ 
-=- 
Notes: 
TL/F/l0609-5 
Vcc. VCCA~ +2V, VEE~ - 2.SV 
FIGURE 
1. AC Test 
Circuit 


L1 and L2 ~ equallenglhson impedancelines 
Rr = son terminator 
internal to scope 
Decoupling0.1I'Ffrom GNDto Vcc and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance s 3 pF 
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~tTHl 


~ 
National 
~ 
Semiconductor 


F100322 
Low Power 9-Bit Buffer 


General Description 


The 
F100322 
is a monolithic 
9-bit buffer. 
The device 
con- 
tains 
nine non-inverting 
buffer 
gates 
with 
single 
input 
and 
output. 
All inputs 
have 
50 kO 
pull-down 
resistors 
and 
all 
outputs 
are buffered. 


Features: 


• 
30% 
power 
reduction 
of the F100122 


• 
2000V 
ESO protection 


• 
Pin/function 
compatible 
with F100122 


• 
Voltage 
compensated 
operating 
range 


-5.7V 


28-Pin PCC 
24-Pln Quad Cerpak 
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TLIF/10608-2 


Pin Names 
Description 


0,.09 
Data Inputs 
0,.°9 
Data Outputs 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 


If Military/ Aerospace specified devices are required, 
please 
contact 
the 
National 
Semiconductor 
Sales 


Office/Distributors for availability and specifications. 


Storage 
Temperature 
(TSTG) 
- 65·C to + 150·C 


Maximum 
Junction 
Temperature 
(TJ) 


Ceramic 
Plastic 


VEE Pin Potential 
to Ground 
Pin 


Input Voltage 
(DC) 


Output Current 
(DC Output 
HIGH) 


ESD (Note 2) 


-50 
mA 


~2000V 


Recommended 
Operating 
Conditions 


Case Temperature 
(Tel 
Commercial 
Military 


Supply 
Voltage 
(VEE) 


Commercial 
Military 


O·Cto 
+85·C 
- 55·C to + 125·C 
+175·C 
+150·C 


- 7.0V to + 0.5V 


VEEto 
+0.5V 


-5.7Vto 
-4.2V 
-5.7V 
to -4.2V 


Commercial 
Version 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND. Tc = O·C to +85·C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1705 
-1620 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH(Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
/l-A 
VIN = VIL (Min) 


IIH 
Input HIGH Current 
240 
/l-A 
VIN = VIH (Max) 


lEE 
Power Supply Current 
-65 
-30 
mA 
Inputs Open 


Note 
1: Absolute 
maximum 
ratings are those values beyond which the device 
may be damaged 
or have its useful life impaired. Functional 
operation 
under these 


conditions is not implied. 


Note 2: ESD testing conforms to MIL·STD-883, 
Method 3015. 


Note 
3: The specified 
limits represent 
the "worst case" value for the parameter. 
Since these values normally occur at the temperature 
extremes, 
additional 
noise 
immunity and guardbanding 
can be achieved 
by decreasing 
the allowable 
system 
operating 
ranges. 
Conditions 
for testing shown 
in the tables 
are chosen 
to 
guarantee 
operation 
under "worst case" 
conditions. 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND 


Symbol 
Parameter 
Tc = O·C 
Tc = +2S·C 
Tc = +8S·C 
Units 
Conditions 
Min 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.45 
1.45 
0.45 
1.45 
0.45 
1.55 
ns 
Figures 
1 and 2 


tpHL 
Data to Output 
(Note 1) 


tTLH 
Transition 
Time 
0.35 
1.20 
0.35 
1.20 
0.35 
1.20 
Figures 
1 and 2 


tTHL 
20% to 80%,80% 
to 20% 
ns 


PCC and Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND 


Symbol 
Parameter 
Tc = O·C 
Tc = +2S·C 
Tc = +8S·C 
Units 
Conditions 
Min 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.45 
1.25 
0.45 
1.25 
0.45 
1.35 
ns 
Figures 
1 and 2 


tpHL 
Data to Output 
(Note 2) 


tTLH 
Transition 
Time 
0.35 
1.10 
0.35 
1.10 
0.35 
1.10 
Figures 
1 and 2 
tTHL 
20% to 80%,80% 
to 20% 
ns 


tS,G.G 
Skew. Gate to Gate 
TBD 
TBD 
TBD 
ps 
PCC Only (Note 1) 


Note 1: Gate to gate skew is defined 
as the difference 
in propagation 
delays between 
each of the outputs. 


Note 
2: The propagation 
delay specified 
is for single output switching. 
Delays may vary up to 200 ps with multiple outputs switching. 


Military Version-Preliminary 
DC Electrical 
Characteristics 


VEE = 
-4.2V 
to -5.7V, 
VCC = 
VCCA = 
GND, Tc 
= 
O·C to +85·C 


Symbol 
Parameter 
Min 
Max 
Units 
Tc 
Conditions 
Notes 


VOH 
Output 
HIGH Voltage 
-1025 
-870 
mV 
O·C to + 125·C 


-1085 
-870 
mV 
-55·C 
VIN =VIH (Max) 
Loading 
with 
1,2,3 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
mV 
O·C to + 125·C 
OrVIL(Min) 
50n 
to -2.0V 


-1830 
-1555 
mV 
-55·C 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
O·C to + 125·C 


-1085 
mV 
-55·C 
VIN = VIH (Max) 
Loading 
with 
1,2,3 


VOLC 
Output 
LOW Voltage 
-1610 
mV 
O·C to + 125·C 
OrVIL(Min) 
50nto 
-2.0V 


-1555 
mV 
-55·C 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
- 55·C to + 125·C 
Guaranteed 
HIGH Signal 
1,2,3,4 
for All Inputs 


VIL 
Input HIGH Voltage 
-1830 
-1475 
mV 
- 55·C to + 125·C 
Guaranteed 
LOW Signal 
1,2,3,4 
for All Inputs 


IlL 
Input LOW Current 
0.50 
JJ.A 
-55·C 
to + 125· 
VEE = 
-4.2V 
1,2,3 


VIN = VIL (Min) 


IIH 
Input HIGH Current 
240 
JJ.A 
O·C to + 125·C 
VEE = 
-5.7V 
1,2,3 


340 
JJ.A 
-55·C 
VIN = VIH (Max) 


lEE 
Power Supply Current 
-70 
-25 
mA 
- 55·C to + 125·C 
Inputs Open 
1,2,3 


Note 
1: FtOOK 300 Series cold temperature 
testing 
is performed 
by temperature 
soaking 
(to guarantee 
junction 
temperature 
equals 
-55·C), 
then testing 
immediately 
without 
allowing 
for the junction 
temperature 
to stabilize 
due to heat dissipation 
after power·up. 
This provides 
"cold 
start" 
specs which 
can be 
considered 
a worst case condition at cold temperatures. 


Note 2: Screen tested 100% 
on each device at - 55·C, +25°C, and + 125°C, Subgroups 
t I 2, 3, 7, and 8. 


Nole 3: Sampletested (MethodSOOS. Table I) on each manufacturedlot at -SS"C, 
+2S"C, 
and +12S"C, 
SubgroupsAl, 2, 3, 7, and e. 


Note 4: Guaranteed 
by applying specified input condition and testing VOH/VOL. 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -5.7V, 
VCC = 
VCCA = 
GND 


Symbol 
Parameter 
Tc 
= 
-5S·C 
Tc 
= 
+2S·C 
Tc 
= 
+ 12S·C 
Units 
Conditions 
Notes 


Min 
Max 
Min 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.30 
1.80 
0.40 
1.60 
0.40 
1.80 
ns 
1,2,3,5 
tpHL 
Data to Output 
Figures 
1 and 2 
tTLH 
Transition 
Time 
0.30 
1.20 
0.30 
1.20 
0.30 
1.20 


tTHL 
20% to 80%, 
80% to 20% 
ns 
4 


Cerpak AC Electrical 
Characteristics 


VEE = 
-4.2V 
to -5.7V, 
VCC = 
VCCA = 
GND 


Symbol 
Parameter 
Tc 
= 
-5S·C 
Tc 
= 
+2S·C 
Tc 
= 
+ 12S·C 
Units 
Conditions 
Notes 


Min 
Max 
Min 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.30 
1.80 
0.40 
1.60 
0.40 
1.80 
ns 
1,2,3,5 
tpHL 
Data to Output 


Figures 
1 and 2 
tTLH 
Transition 
Time 
0.30 
1.20 
0.30 
1.20 
0.30 
1.20 
tTHL 
20% to 80%, 80% to 20% 
ns 
4 


Note 
1: F100K 
300 
Series cold temperature 
testing 
is performed 
by temperature 
soaking 
(to guarantee 
junction 
temperature 
equals 
-55°C), 
then testing 


immediately 
after power-up. This provides "cold start" 
specs which can be considered 
a worst case condition 
at cold temperatures. 


Note 2: Screen tested 100% 
on each device at +25°C, only Subgroup A9. 


Note 3: Sample tested (Method 5005, Table I) on each manufactured 
lot at +25°C, Subgroup A9, and at + 125°C and - 55°C temperatures, 
Subgroups A 10 and 
All. 


Note 4: Not tested at +25°C, + 125°C, and - 55°C temperature 
(design characterization 
data). 


Note 5: The propagation 
delay specified 
is for single output switching. 
Delays may vary up to 200 ps with multiple outputs switching. 


Not •• : 
VCC. VCCA ~ +2V, VEE ~ 
- 2.5V 
L1 and L2 - 
equal length 50n 
impedance 
lines 


RT = son terminator 
internal 
to scope 


Decoupling 
0.1 I'F from GND to Vcc and VEE 
All unused outputs are loaded with 50n 
to GND 


CL = Fixture and stray capacitance 
:!>: :3 pF 


F100324 
Low Power Hex TTL-to-ECL Translator 


General Description 


The F100324 
is a hex translator, 
designed 
to convert 
TTl 


logic levels 
to 100K ECl 
logic levels. 
The inputs 
are com- 


patible 
with 
standard 
or Schottky 
TTL. 
A common 
Enable 


(El, when 
lOW, 
holds all inverting 
outputs 
HIGH and holds 


all true 
outputs 
lOW. 
The 
differential 
outputs 
allow 
each 


circuit to be used as an inverting/non-inverting 
translator, 
or 
as a differential 
line driver. 
The 
output 
levels 
are voltage 


compensated 
over the full -4.2V 
to -5.7V 
range. 


When 
the 
circuit 
is 
used 
in 
the 
differential 
mode, 
the 


F100324, 
due 
to 
its 
high 
common 
mode 
rejection, 
over- 


comes 
voltage 
gradients 
between 
the TTl 
and ECl 
ground 


systems. 
The VEE and VnL 
power 
may be applied 
in either 


order. 


The 
F100324 
is 
pin 
and 
function 
compatible 
with 
the 


F100124 
with 
similar 
AC performance, 
but features 
power 
dissipation 
roughly 
half of the F100124 to ease system 
cool- 


ing requirements. 


Features 


• 
Pin/function 
compatible 
with F100124 


• 
Meets F100124 AC specifications 
• 
50% power 
reduction 
of the F100124 


• 
Differential 
outputs 
• 
2000V ESD protection 
• 
-4.2V 
to -5.7V 
operating 
range 


Ordering Code: 
See Section 
8 


Logic Diagram 
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TL/F/9878-1 


Pin Names 
Description 


Do-Os 
Data Inputs 


E 
Enable 
Input 


00-05 
Data Outputs 
00-05 
Complementary 


Data Outputs 


28-Pln 
PCC 


D5Os 05vEES 0, 0, 03 
[J]ffQJrn[!1mrnm 


111111111 


24-Pin 
Quad Cerpak 
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E vEE D3 D, 
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TLiF/9878-3 


02 02 Vcc VCCAVCCA0, 


TLiF/9878-2 


Absolute Maximum Ratings 
Recommended Operating 


Above 
which 
the useful 
life may be impaired. 
(Note 
1) 
Conditions 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
(Tel 
please 
contact 
the 
National 
Semiconductor 
Sales 
Commercial 
O·Cto 
+85·C 
Office/Distributors 
for 
availability 
and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
(T8TG) 
- 65·C to + 150·C 
Supply 
Voltage 
(VEE) 


Maximum 
Junction 
Temperature 
(TJ) 
Commercial 
-5.7V 
to -4.2V 
Ceramic 
+ 175·C 
Military 
-5.7Vto 
-4.2V 
Plastic 
+ 150·C 


VEE Pin Potential 
to Ground 
Pin 
-7.0Vto 
+0.5V 


VnL 
Pin Potential 
to Ground 
Pin 
+6.0Vto 
-0.5V 


Input Voltage 
(DC) 
VEEto 
+0.5V 


Output Current 
(DC Output 
HIGH) 
-50mA 


ESD (Note 2) 
;;,2000V 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND, Tc = O·C to + 85·C (Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1705 
-1620 
OrVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH(Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
orVIL(Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
2.0 
5.0 
V 
Guaranteed 
HIGH 


Signal for All Inputs 


VIL 
Input LOW Voltage 
0 
0.8 
V 
Guaranteed 
LOW 


Signal for All Inputs 


VCD 
Input Clamp Diode Voltage 
-1.2 
V 
IIN = -18mA 


IIH 
Input HIGH Current 
VIN = +2.4V, 
Data 
20 


Enable 
120 
",A 
All Other Inputs VIN = GND 


Input HIGH Current 
1.0 
mA 
VIN = +5.5V, 
Breakdown 
Test, All Inputs 
All Other Inputs = GND 


IlL 
Input LOW Current 
VIN = +O.4V, 
Data 
-0.9 


Enable 
-5.4 
mA 
All Other Inputs VIN = VIH 


lEE 
VEE Power Supply Current 
-70 
-45 
-22 
mA 
All Inputs VIN = + 4.0V 


InL 
VnL 
Power Supply Current 
25 
38 
mA 
All Inputs V,N = GND 


Note 1: Absolute 
maximum ratings are those values beyond which the device may be damaged or have its usetullife 
impaired. Functional 
operation 
under these 


conditions 
is not implied. 
Note 2: ESOtestingconformsto MIL-8TO-883.Method3015. 


Note 3: The specified 
limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature 
extremes, additional 
noise 
immunity and guardbanding 
can be achieved 
by decreasing 
the allowable 
system operating 
ranges. Conditions 
for testing shown in the tables are chosen 
to 
guarantee operation 
under "worst 
case" conditions. 


Ceramic Dual-In-Line 
Package AC Electric Characteristics 


VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND, VnL 
= 
+4.5V 
to +5.5V 


Symbol 
Parameter 
Tc = O·C 
Tc = +2S·C 
Tc = +8S·C 
Units 
Conditions 


Min 
Max 
Min 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.50 
3.00 
0.50 
2.90 
0.50 
3.00 
ns 


tpHL 
Data and Enable to Output 
Figures 
1 and 2 
tTLH 
Transition 
Time 
0.45 
1.80 
0.45 
1.80 
0.45 
1.80 


tTHL 
20% to 80%, 
80% to 20% 
ns 


PCC and Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND, VnL 
= 
+4.5V 
to +5.5V 


Symbol 
Parameter 
Tc = O·C 
Tc = +2S·C 
Tc = +8S·C 
Units 
Conditions 


Min 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.50 
2.80 
0.50 
2.70 
0.50 
2.80 
ns 


tpHL 
Data and Enable to Output 
Figures 
1 and 2 


tTLH 
Transition 
Time 
0.45 
1.70 
0.45 
1.70 
0.45 
1.70 


tTHL 
20% to 80%, 80% to 20% 
ns 


tSG·G 
Skew, Gate to Gate 
TBD 
TBD 
TBD 
ps 
PCCOnly 


(Note 1) 


Military Version-Preliminary 


DC Electrical Characteristics 
VEE = 
-4.2Vto 
-5.7V, 
VCC = VCCA = GND, Tc = 
-55·Cto 
+ 125·C, VnL 
= 
+4.5Vto 
+5.5V 


Symbol 
Parameter 
Mln 
Max 
Units 
Tc 
Conditions 
Notes 


VOH 
Output 
HIGH Voltage 
-1025 
-870 
mV 
O·C to + 125·C 


-1085 
-870 
mV 
-55·C 
VIN = VIH (Max) 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
mV 
O·C to + 125·C 
orVIL 
(Min) 
Loading 
with 
1,2,3 
-1830 
-1555 
mV 
-55·C 
500. to -2.0V 


Cutoff Voltage 
-1950 
mV 
O·C to + 125·C 
OEorDIR 
Low 


-1915 
mV 
-55·C 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
O·C to + 125·C 


-1085 
mV 
-55·C 
VIN = VIH (Max) 
Loading 
with 
1,2,3 
VOLC 
Output 
LOW Voltage 
-1610 
mV 
O·C to + 125·C 
orVIL 
(Min) 
500. to -2.0V 


-1555 
mV 
-55·C 


VIH 
Input HIGH Voltage 
2.0 
5.0 
V 
- 55·C to + 125·C 
Over VnL, 
VEE, TC Range 
1,2,3,4 


VIL 
Input LOW Voltage 
0.0 
0.8 
V 
- 55·C to + 125·C 
Over VnL, 
VEE, TC Range 
1,2,3,4 


IIH 
Input HIGH Current 
20 
IJ.A 
- 55·C to + 125·C 
VIN = +2.7V 


1,2,3 


Breakdown 
Test 
100 
IJ.A 
- 55·C to + 125·C 
VIN = +5.5V 


VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND, Tc = 
- 55'C 
to + 125'C, 
VnL 
= 
+ 4.5V to + 5.5V (Continued) 


Symbol 
Parameter 
Min 
Max 
Units 
Tc 
Conditions 
Notes 


IlL 
Input LOW Current 


Data 
-0.9 
mA 
- 55'C to + 125'C 
VIN = +0.5V 
1,2,3 


Enable 
-5.4 


VFCD 
Input Clamp 
-1.2 
V 
- 55'C to + 125'C 
IIN = -18 
mA 
1,2,3 
Diode Voltage 


lEE 
VEE Power 
-70 
-22 
mA 
- 55'C to + 125'C 
All Inputs VIN = + 4.0V 
1,2,3 
Supply Current 


InL 
VTTL Power 
38 
mA 
- 55'C to + 125'C 
All Inputs VIN = GND 
1,2,3 
Supply Current 


Note 
1: F100K 
300 Series 
cold temperature 
testing 
is performed 
by temperature 
soaking 
(to guarantee 
junction 
temperature 
equals 
-55°C), 
then testing 
immediately 
without 
allowing 
for the junction 
temperature 
to stabilize 
due to heat dissipation 
after power-up. 
This provides 
"cold 
start" 
specs which 
can be 
considered 
a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at -55°C, 
+ 25°C, and + 125°C, Subgroups 
1, 2, 3, 7, and 8. 


Note 3: Sampletested (Method5005,TableI) on each manufacturedlot at -55°C, + 25°C,and + 125°C,SubgroupsA1, 2, 3, 7, and e. 


Note 4: Guaranteed 
by applying specified 
input condition and testing VOH/VOL. 


Ceramic Dual-In-Line 
Package AC Electric Characteristics 


VEE = 
-4.2V 
to -5.7V, 
Vcc = VCCA = GND, VnL 
= 
+ 4.5V to + 5.5V 


Tc = -55'C 
Tc = +25'C 
Tc = + 125'C 


Symbol 
Parameter 
Units 
Conditions 
Notes 


Min 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.50 
3.00 
0.50 
2.90 
0.30 
3.30 
ns 
1,2,3, 
tpHL 
Data and Enable to Output 
Figures 
1 and 2 


tTLH 
Transition 
Time 
0.35 
1.80 
0.45 
1.80 
0.45 
1.80 
4 
tTHL 
20% to 80%, 80% to 20% 
ns 


Cerpak AC Electrical 
Characteristics 


VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND, VTTL = 
+ 4.5V to + 5.5V 


Symbol 
Parameter 
Tc = -55'C 
Tc = +25'C 
Tc = +125'C 
Units 
Conditions 
Notes 


Min 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.50 
3.00 
0.50 
2.90 
0.30 
3.30 
ns 
1,2,3 
tpHL 
Data and Enable to Output 
Figures 
1 and 2 f-- 


tTLH 
Transition 
Time 
0.35 
1.80 
0.45 
1.80 
0.45 
1.80 
4 
tTHL 
20% to 80%,80% 
to 20% 
ns 


Note 
1: FtOOK 300 Series cold temperature 
testing 
is performed 
by temperature 
soaking 
(to guarantee 
junction 
temperature 
equals 
-55°C), 
then testing 


immediately 
after power·up. This provides "cold start" specs which can be considered 
a worst case condition 
at cold temperatures. 


Note 2: Screen tested 100% on each device at +25°C 
temperature 
only, Subgroup A9. 


Note 3: Sample tested (Method 5005, Table I) on each manufactured 
lot at + 25°C, Subgroup A9, and at + 125°C and - 55°C temperatures, 
Subgroups A 10 and 
A11. 


Note 4: Not tested at + 25°C, + 125°C, and - 55°C temperature 
(design characterization 
data). 
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Notes: 


Vcc. VCCA = OV, VEE = -4.SV, 
VnL 
= +s.OV, V'H ~ 
+3.0V 


L1. L2 and L3 = equal length son impedance 
lines 


Rr = 500 
terminator 
internal 
to scope 


Decoupling 
0.1 I'F from GND to Vcc. VEE and VnL 


All unused outputs are loaded with son to GND 


CL = Fixture and stray capacitance 
:s:3 pF 


~ 
National 
~ 
Semiconductor 


F100325 
Low Power Hex EeL-to- TTL Translator 


General Description 
The F100325 is a hex translator for converting F100K logic 
levels to TIL logic levels. Differential inputs allow each cir- 
cuit to be used as an inverting, non-inverting or differential 
receiver. An internal reference voltage generator provides 
Vss for single-ended operation, or for use in Schmitt trigger 
applications. All inputs have 50kfi 
pull-down resistors. 


When the inputs are either unconnected or at the same 
potential the outputs will go low. 
When used in single-ended operation the apparent input 
threshold of the true inputs is 20mV to 40mV higher (posi- 
tive) than the threshold of the complementary inputs. The 
VEEand VTTLpower may be applied in either order. 


Features 
• 
Pin/function compatible with F100125 
• 
Meets F100125 AC specifications 
• 
50% power reduction of the F100125 
• 
Differential inputs with built in offset 
• 
Standard FAST'!>outputs 
• 
2000V ESD protection 
• 
-4.2V 
to -5.7V 
operating range 


~l~Ql 
D1~ 


~2~ 
02 


D2~ 


D,=t>- 
- 
Q, 
D, 


Connection 
Diagrams 


24-Pln DIP 


a5 
1 
2~ 
55 


a~ 
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05 


a3 
3 
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5~ 


Vm ~ 
21 
o~ 


Vm 
5 
20 
53 


Vr:t; 
6 
19 
03 


Vr:t; 
7 
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VEE 


a2 
8 
17 
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a, 
9 
16 
O2 


ao 
10 
15 
52 


50 
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DO 
12 
13 
51 
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Pin Names 
Description 


Do-Os 
Data Inputs 
50-55 
Inverting Data Inputs 


00-05 
Data Outputs 


O2 [1] 
rn a, 


VBB ~ 
rn a2 


VEE~ 
mVr:t; 


VEES~ 
mVr:t; 


031i!1 
~Vr:t; 


531il1 
gzJ vm 


O~@ 
li§IVm 


~Jl{Jl{JI{JI{JIW 
@1iQI1l]§~~~ 


5~ 05 55 VEES05 a4 03 
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24·Pln Quad Cerpak 
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Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 
Recommended 
Operating 
Conditions 


Case Temperature 
(Tc) 
Commercial 
Military 


Supply 
Voltage 
(VEE) 
Commercial 
Military 
-5.7Vto 
-4.2V 
-5.7Vto 
-4.2V 


If Military/Aerospace 
specified devices are required, 
please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors for availability and specifications. 


Storage 
Temperature 
(TSTG) 
- 65°C to + 150°C 


Maximum 
Junction 
Temperature 
(TJ) 
Ceramic 
Plastic 


VEE Pin Potential 
to Ground 
Pin 


VnL 
Pin Potential 
to Ground 
Pin 


Input Voltage 
(DC) 


Output 
Current 
(DC Output 
HIGH) 


ESD (Note 2) 


O°Cto 
+85°C 
- 55°C to + 125°C 


+175°C 
+ 150°C 


-7.0Vto 
+0.5V 


+6.0Vto 
-0.5V 


VEEto 
+0.5V 


-50mA 


:<:2000V 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
Vcc = GND. Tc = O°C to +85°C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


VBB 
Output 
Reference 
Voltage 
-1380 
-1320 
-1260 
mV 
IVBB = -2.1 
mA 


VIH 
Single-Ended 
Input 
-1165 
-870 
mV 
Guaranteed 
HIGH Signal for All Inputs 


HIGH Voltage 
(with One Input Tied to VBB) 


VIL 
Single-Ended 
Input 
-1830 
-1475 
mV 
Guaranteed 
LOW Signal for All Inputs 


LOW Voltage 
(with One Input Tied to VBB) 


VOH 
Output 
HIGH Voltage 
2.5 
V 
10H = -2.0mA 
I VIN = VIH (Max) 


VOL 
Output 
LOW Voltage 
0.5 
V 
10L = 20 mA 
I 
or VIL (Min) 


VDIFF 
Input Voltage 
Differential 
150 
mV 
Required 
for Full Output Swing 


VCM 
Common 
Mode Voltage 
Vcc 
- 
2.0 
Vcc 
- 
0.5 
V 


IIH 
Input HIGH Current 
350 
I-'A 
VIN = VIH (Max). Do-Ds 
= VBB. 


Oo-Os 
= VIL (Min) 


IlL 
Input LOW Current 
0.5 
I-'A 
VIN = VIL (Min). Do-Ds 
= VBB 


105 
Output Short-Circuit 
Current 
-150 
-60 
mA 
VOUT = GND' 


lEE 
VEE Power Supply Current 
-37 
-27 
-17 
mA 
Do-Ds 
= VBB 


InL 
VnL 
Power Supply Current 
45 
65 
mA 
Do-Ds 
= VBB 


·T est one output at a time. 


Note 
1: Absolute 
maximum 
ratings are those values beyond which the device may be damaged 
or have its useful life impaired. 
Functional 
operation 
under these 


conditions 
is not implied. 


Nole 
2: ESD testing conforms 
to MIL-STD·883, 
Method 301 S. 


Note 
3: The specified limits represent 
the "worst case" value for the parameter. 
Since these values normally occur at the temperature 
extremes, 
additional 
noise 


'immunity 
and guardbanding 
can be achieved 
by decreasing 
the allowable 
system operating 
ranges. 
Conditions 
for testing shown 
in the tables 
are chosen 
to 


guarantee 
operation 
under "worst case" 
conditions. 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -S.7V, 
Vcc = GND, VTTL = 
+4.SV 
to +S.SV 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 


Mln 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.80 
3.S0 
0.90 
3.70 
1.00 
4.00 
ns 
CL = 1SpF 


tpHL 
Data to Output 
Figures 
1 and 2 


tPLH 
Propagation 
Delay 
1.60 
4.30 
1.70 
4.S0 
1.80 
4.80 
ns 
CL = SOpF 


tpHL 
Data to Output 
Figures 
1 and 3 


PCC and Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -S.7V, 
Vcc = GND, VTTL = 
+4.SV 
to +S.SV 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Min 
Max 


tPLH 
Propagation 
Delay 
0.80 
3.30 
0.90 
3.50 
1.00 
3.80 
ns 
CL = 1S pF 


tpHL 
Data to Output 
Figures 
1 and 2 


tPLH 
Propagation 
Delay 
1.60 
4.10 
1.70 
4.30 
1.80 
4.60 
ns 
CL = SO pF 


tpHL 
Data to Output 
Figures 
1 and 3 


tSG-G 
Skew Gate to Gate 
TBD 
TBD 
TBD 
PCConly 
ps 
(Note 1) 


Note 1: Gate to gate skew is defined as the difference in the propagation delays between each of the outputs. 


Truth Table 


Inputs 
Outputs 


On 
On 
an 


L 
H 
L 


H 
L 
H 


L 
L 
L 


H 
H 
L 


Open 
Open 
L 


VEE 
VEE 
L 


L 
VBB 
L 


H 
VBB 
H 


VBB 
L 
H 


VBB 
H 
L 


H ~ HIGHVoltageLevel 
L ~ LOWVoltageLevel 


Military Version-Preliminary 


DC Electrical Characteristics 
VEE = 
-4.2Vto 
-5.7V, 
VCC = VCCA = GND, Tc = -55°C 
to + 125°C, CL = 50 pF, VTTL = 
+4.5Vto 
+5.5V 


Symbol 
Parameter 
Mln 
Max 
Units 
Tc 
Conditions 
Notes 


Vaa 
Output 
Reference 
Voltage 
-1380 
-1260 
mV 
- 55°C to + 125°C 
Ivaa = -3IJ-A, 
VEE = -4.2V 
1,2,3 
Ivaa = -2.1 
mA, VEE = -5.7V 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
- 55°C to + 125°C 
Guaranteed 
HIGH Signal for All Inputs 
1,2,3,4 
(with One Input Tied to Vaa) 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 
- 55°C to + 125°C 
Guaranteed 
LOW Signal for All Inputs 
1,2,3,4 


(with One Input Tied to Vaa) 


VOH 
Output 
HIGH Voltage 
2.5 
mV 
O°C to + 125°C 
10H = -2.0mA 
VIN = VIH (Max) 


2.4 
-55°C 
orVIL(Min) 
1,2,3 


VOL 
Output 
LOW Voltage 
0.5 
mV 
- 55°C to + 125°C 
10L = 20 mA 


VOIFF 
Input Voltage 
Differential 
150 
mV 
-55°C 
to 
Required 
for Full Output 
Swing 
1,2,3 


+ 125°C 


VCM 
Common 
Mode Voltage 
-2000 
-500 
mV 
-55°C 
to 
1,2,3,4 


+ 125°C 


IIH 
Input HIGH Current 
350 
IJ-A 
O°C to + 125°C 
VIN = VIH (Max), DO-OS = Vaa, 
1,2,3 


500 
-55°C 
Do-55 
= VIL (Min) 


IlL 
Input LOW Current 
0.50 
IJ-A 
- 55°C to + 125°C 
VIN = VIL (Min), Do-Os 
= Vaa 
1,2,3 


10S 
Output Short Circuit 
-150 
-60 
mA 
- 55°C to + 125°C 
VOUT = GND 
1,2,3 


Current 
Test One Output at a Time 


ICEX 
Output 
HIGH 
250 
IJ-A 
- 55°C to + 125°C 
VOUT = 5.5V 
1,2,3 


Leakage 
Current 


lEE 
VEE Power Supply Current 
-35 
-12 
mA 
- 55°C to + 125°C 
Do-Os 
= Vaa 
1,2,3 


ITTL 
VTTL Power Supply Current 
65 
mA 
- 55°C to + 125°C 
Do-Os 
= Vaa 
1,2,3 


Note 
1: FlOOK 300 Series cold temperature 
testing 
is performed 
by temperature 
soaking 
(to guarantee 
junction 
temperature 
equals 
-55°C). 
then testing 


immediately 
without 
allowing 
for the junction 
temperature 
to stabilize 
due to heat dissipation 
after power-up. 
This provides 
"cold 
start" 
specs which 
can be 
considered 
a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at -55°C, 
+25°C, 
and + 125°C, Subgroups 
1, 2, 3, 7, and 8. 


Note 3: Sample tested (Method 5005, Table I) on each manufactured 
lot at - 55°C, + 25°C, and + 125°C, Subgroups A 1, 2, 3, 7, and 8. 


Note 4: Guaranteed 
by applying specified input condition 
and testing VOH/VOL. 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = GND, VTTL = 
+4.5V 
to +5.5V 


Symbol 
Parameter 
Tc = -55°C 
Tc = + 25°C 
Tc = + 125°C 
Units 
Conditions 
Notes 


Min 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
1.50 
5.00 
1.60 
4.70 
1.70 
5.70 
ns 
CL = 50 pF 
1,2,3 
tpHL 
Data to Output 
Figures 
1 and 3 


Cerpak AC Electrical Characteristics 
VEE = -4.2V 
to -S.7V, 
Vcc = GND, Vnl 
= +4.SV to +s.sv 


Symbol 
Parameter 
Tc = -SS'C 
Tc = +2S'C 


Mln 
Max 
Mln 
Max 


tplH 
Propagation Delay 
1.S0 
S.OO 
1.60 
4.70 
tpHl 
Data to Output 


TC = + 12S'C 


Mln 
Max 


Cl = SO pF 


Figures 
1 and 3 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55·C). 
then testing 
immediately 
after power-up. 
This provides 
"cold start" specs which can be considered 
a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 2S'C, temperature 
only, Subgroup A9. 


Nota 3: Sample tested (Method SOOS,Table I) on each manufactured 
lot at + 2S'C, Subgroup A9, and at + 12S'C and - SS'C temperatures. 
Subgroups A10 and 
A11. 


Note 4: Not tested at +2S'C, 
+ 12S'C, and -SS'C 
temperature 
(design characterization 
data). 


0.7:0.1 n.~ r 


'''~."~ r; 


ATTENUATED 
OUTPUT 
1 


1'::=0.7:0.1 
ns 
W 


0.95V 
80% 


50%~r[""' 
U~ 


50% 


I-·------- 


0.1 JLF.I. 


r--O•95 


-1.71 ---J 
FECL 


Notes: 
Vcc ~ av, VEE ~ 
-4.5V, 
VnL 
~ 
+5V 
L1 and L2 = equal length son impedance 
lines 
AT = 50n 
terminator 
internal 
to scope 


Decoupling 
0.1 
}J-Ffrom GND 
to VCC, VEE and VTTL 


All unused outputs are loaded with 500n to GND 
CL = Fixture and stray capacitance 
= 15 pF 


Vm ------1----·' -------, 


O.l}>F .I. 


r--0.95 


-1.71--! 
FECL 


Notes: 
Vcc 
~ OV, VEE ~ 
-4.5V, 
VnL 
~ 
+5V 
L1 and L2 = equal length 50.0 impedance 
lines 
RT = 50n 
terminator 
internal 
to scope 
Decoupling 
0.1 I'F from GND to Vcc, VEE and VTTL 


All unused outputs are loaded with soon to GND 
CL = Fixture and stray capacitance 
= 50 pF 


\ 
I 
~ 


fII 


~National 
~ 
Semiconductor 


F100328 
Low Power Octal ECL/TTL 
Bi-Directional Translator with Latch 


General Description 


The F100328 
is an octal latched 
bi-directional 
translator 
de- 


signed 
to convert 
TTL logic levels to 100K ECL logic levels 


and 
vice 
versa. 
The 
direction 
of this 
translation 
is deter- 


mined 
by the DIR input. A LOW on the output 
enable 
input 


(OE) holds 
the ECL outputs 
in a cut-off 
state 
and the TTL 


outputs 
at a high 
impedance 
level. 
A HIGH 
on the 
latch 


enable 
input 
(LE) 
latches 
the 
data 
at 
both 
inputs 
even 


though 
only one output 
is enabled 
at the time. A LOW on LE 


makes 
the F100328 
transparent. 


The 
cut-off 
state 
is designed 
to be more 
negative 
than 
a 


normal 
ECL LOW 
level. 
This allows 
the output 
emitter-fol- 


lowers 
to turn 
off when 
the 
termination 
supply 
is -2.0V, 


presenting 
a high impedance 
to the data bus. This high im- 


pedance 
reduces 
termination 
power 
and 
prevents 
loss 
of 


low state 
noise margin when 
several 
loads share the bus. 


The F100328 
is designed 
with 
FAST~ 
TTL output 
buffers, 


featuring 
optimal 
DC drive and capable 
of quickly 
charging 


and 
discharging 
highly 
capacitive 
loads. 
All 
inputs 
have 


50 kO pUll-down 
resistors. 


Features 


• 
Identical 
performance 
to 
the 
F100128 
at 
50% 
of 
the 


supply 
current 


• 
Si-directional 
translation 


• 
2000V 
ESD protection 


• 
Latched 
outputs 


• 
FAST~ 
TTL outputs 


• 
TRI-STATE~ 
outputs 


• 
Voltage 
compensated 
operating 
range 
= 
-4.2V 
to -5.7V 


Pin Names 
Description 


Eo-E7 
ECLData 
I/O 


To-T7 
TTL Data I/O 


OE 
Output Enable 
Input 


LE 
Latch Enable 
Input 


DIR 
Direction 
Control 
Input 


Connection 
Diagrams 


24-Pln 
DIP 
28-Pln 
PCC 
24-Pln 
Quad Cerpak 


T, T2 T3 VEts T. T5 T6 
Eo 
LE Vee VELVTTLTO 


E. , 
2. 
E3 
[j]lThIrnOO!1Joo[§J 


E5 
2 
23 
E2 
2. 
23 
22 
21 
20 
'9 


E6 
3 
22 
E, 
TO [l] 
mT7 
E, 
'8 
T, 


E7 • 
21 
Eo 
Vm~ 
rn DIR 
E2 
'7 
T2 


OE 
5 
20 
LE 
VEE~ 
III VCCA 
E3 
'6 
T3 


Vcc 
6 
19 
Vcc 


VEES ~ 
[DVcc 
E. 
T. 


Vcc Ii]] 
~Vcc 
VCCA 
7 
18 
VEE 
LE IllI 
IW OE 
E5 
T5 


DIR 
8 
'7 
Vm 
EoI!ID 
~E7 
E6 
T6 


T7 
9 
'6 
To 


T6 
10 
15 
T, 
ii]JfiQI~RiIIDJIiJIIDJ 
E7 
OE Vcc VCCl DIR 
T7 
Ts 
11 
14 
T2 


E, ~ 
E3VEESE. 
E5 E6 


TLiF/l0219-4 


T. 
12 
13 
T3 
TLiF/l0219-3 


TLiF/l0219-2 


~ 
National 
~ 
Semiconductor 


F100329 
Low Power Octal ECL/TTL 
Bidirectional 
Translator with Register 


General Description 


The 
F100329 
is an octal 
registered 
bidirectional 
translator 
designed 
to convert 
TIl 
logic levels to WOK ECl 
logic lev- 
els and vice versa. The direction 
of the translation 
is deter- 
mined 
by the DIR input. A lOW 
on the output 
enable 
input 


(OE) holds 
the ECl 
outputs 
in a cut-off 
state 
and the TIl 
outputs 
at a high impedance 
level. The outputs 
change 
syn- 
chronously 
with the rising edge of the clock 
input (CP) even 


though 
only one output 
is enabled 
at the time. 


The 
cut-off 
state 
is designed 
to be more 
negative 
than 
a 
normal 
ECl 
lOW 
level. 
This allows 
the output 
emitter-fol- 
lowers 
to turn 
off when 
the 
termination 
supply 
is - 2.0V, 
presenting 
a high impedance 
to the data bus. This high im- 
pedance 
reduces 
the termination 
power 
and prevents 
loss 
of low state noise margin when several 
loads share the bus. 


The F100329 
is designed 
with 
FASTiP>TIl 
output 
buffers, 


featuring 
optimal 
DC drive and capable 
of quickly 
charging 
and 
discharging 
highly 
capacitive 
loads. 
All 
inputs 
have 


50 kn 
pull-down 
resistors. 


Features 


• 
Bidirectional 
translation 


• 
ECl 
high impedance 
outputs 


• 
Registered 
outputs 


• 
FAST TIl 
outputs 
• 
TRI-STATEiP> outputs 


• 
Voltage 
compensated 
operating 
range 


-5.7V 


Pin Names 
Description 


Eo-E7 
ECl 
Data I/O 


To- T7 
TIl 
Data I/O 


OE 
Output 
Enable 
Input 


CP 
Clock Pulse Input 


(Active 
Rising Edge) 


DIR 
Direction 
Control 
Input 


Connection 
Diagrams 


24-Pin 
DIP 
28-Pin 
PCC 
24-Pin 
Quad 
Cerpak 


T1 T2 T3VEEST4 Ts T6 
Eo 
CP VccVEEVm 
To 


E4 
1 
24 
E3 
lI])[QI[!J[ID[lJrn[!J 


Es 
2 
23 
E2 
lIIIlIII 


E6 
3 
22 
E1 
TO IIlJ:- 
0T7 
E1 
T, 


VmMl::- 
illD1R 
E2 
17 
T2 
E7 
4 
21 
Eo 
VEEIi] 
illVw. 
E3 
16 
T3 
OE 
5 
20 
CP 
VEESIj]] 
ED Vcc 
Vcc[j]] 
~Vcc 
E4 
4 
IS 
T4 
Vcc 
6 
19 
Vcc 
CP [Z] 
IW OE 
Es 
Ts 
VCCA 
7 
18 
VEE 
Eo [j]] 
~E7 
E6 
T6 


DIR 
8 
17 
Vm 


T7 
9 
16 
To 
1IID@~lllI~~~ 


T6 
10 
15 
T, 
E1 Ez E3VEESE4 Es E6 
E7 
DE VccVCCAC1R T7 


TL/F 110583-3 
TL/FI10583-4 


Ts 
11 
14 
T2 


T4 
12 
13 
T3 


TL/F/l0583-2 


Connection 
Diagrams 


24-Pln DIP 
28-Pln PCC 


CD, 
1 
2( 
SO, 
SOO COo CPo V££s 
Do 
00 
00 


[j] IiQ1m ~][IJ 
[I) ~ 


CP, 
2 
'3 
CD1 


0, 
3 
22 
CP1 


0, 
( 
21 
0, 
os 0] 
mo, 


0, 
5 
20 
501 
CPe IilJ 
rn 0, 


Vex 
6 
19 
OR 
V£E~ 
[l]vceJ. 


VceJ. 
7 
18 
VEE 
Vm [§] 
CD Vex 


°1 
8 
17 
CPc 
OR II§] 
IZWVcc 


0, 
9 
16 
OS 
SD,Ii1J 
lZZIo, 


°0 
10 
15 
500 
D,IiID 
~o, 


°0 
11 
1( 
CDo 
111111111111111111111, 


Do 
12 
13 
CPo 
1iID1ZQl1Zil1W~ffi1~ 
CP, CD, SO, Vm CO2CP, 02 


TLiF/l0262-2 
TL/F/l0262-4 


~ 
National 
~ 
Semiconductor 


F100331 
Low Power Triple D Flip-Flop 


General Description 


The 
F100331 
contains 
three 
Ootype. edge-triggered 
mas- 


ter/slave 
flip-flops 
with 
true 
and 
complement 
outputs. 
a 


Common 
Clock (CPc). and Master 
Set (MS) and Master 
Re- 


set (MR) 
inputs. 
Each 
flip-flop 
has individual 
Clock 
(CPn). 
Direct Set (SOn) and Direct Clear (COn) inputs. 
Data enters 


a master when both CPn and CPc are LOW and transfers 
to 


a slave 
when 
CPn or CPc 
(or both) 
go HIGH. 
The 
Master 


Set. Master 
Reset and individual 
COn and SOn inputs 
over- 


ride the Clock inputs. All inputs have 50 kO pull-down 
resis- 


tors. 


Features 


• 
35% 
power 
reduction 
of the F100131 


• 
2000V 
ESO protection 


• 
Pin/function 
compatible 
with F100131 


• 
Voltage 
compensated 
operating 
range 


-5.7V 


Pin Names 
Description 


CPO-CP2 
Individual 
Clock Inputs 


CPc 
Common 
Clock Input 


00-02 
Data Inputs 


COO-CO2 
Individual 
Direct Clear Inputs 


SOn 
Individual 
Direct Set Inputs 


MR 
Master 
Reset Input 


MS 
Master Set Input 


00-02 
Data Outputs 
00-02 
Complementary 
Data Outputs 


24·Pln Quad Cerpak 


01 SO, OR VEE CPe OS 


2( 23 22 21 20 '9 


CP1 
18 
SDo 


CD1 
17 
CDo 


502 
16 
CPo 


CD, 
15 
Do 


CP, 
,( 
00 


0, 
13 
00 
7 
8 
9 
10 '1 
12 


0, 
0, Vex VceJ.01 01 


TLiF/l0262-3 


~ 
National 
~ 
Semiconductor 


F100336 
Low Power 4-Stage Counter/Shift 
Register 


General Description 


The 
F100336 
operates 
as 
either 
a modul0-16 
up/down 


counter 
or as a 4-bit bidirectional 
shift register. 
Three Select 


(Sn) inputs 
determine 
the 
mode 
of operation, 
as shown 
in 


the 
Function 
Select 
table. 
Two 
Count 
Enable 
(CEP, CET) 


inputs 
are 
provided 
for 
ease 
of 
cascading 
in multistage 
counters. 
One Count 
Enable 
(CET) input also doubles 
as a 


Serial 
Data (Do) input for shift-up 
operation. 
For shift-down 


operation, 
D3 is the Serial Data input. In counting 
operations 


the Terminal 
Count 
(TC) output 
goes 
LOW when 
the coun- 


ter 
reaches 
15 in the 
count/up 
mode 
or 0 (zero) 
in the 
count/down 
mode. 
In the 
shift 
modes, 
the 
TC output 
re- 


peats the 03 output. 
The dual nature 
of this TC/03 
output 


and the Do/CET 
input means that one interconnection 
from 


one 
stage 
to the 
next 
higher 
stage 
serves 
as the 
link for 


Connection 
Diagrams 


24-Pln 
DIP 


fC 
1 
24 
oo/Cft 


°0 
2 
23 
ill 


°0 
3 
22 
5, 


Po [g] 
0, 
4 
21 
5, 
cp@] 
0, 
5 
20 
50 
va [!!] 
Vrx; 
6 
\9 
WR 


VEES~ 
VCCA 
7 
'8 
VEE 
•• (i!J 
0, 
8 
'7 
CP 
••!ill 
0, 
9 
'6 
Po 


5, G!l 
°3 
'0 
\5 
P, 


°3 
11 
'4 
P, 


03 
12 
13 
P3 


TL/F/l0584-2 


multistage 
counting 
or shift-up 
operation. 
The individual 
Pre- 


set (Pn) inputs are used to enter data in parallel 
or to preset 


the counter 
in programmable 
counter 
applications. 
A HIGH 


signal 
on the 
Master 
Reset 
(MR) 
input 
overrides 
all other 


inputs 
and asynchronously 
clears 
the flip-flops. 
In addition, 


a synchronous 
clear 
is provided, 
as well as a complement 


function 
which 
synchronously 
inverts 
the 
contents 
of the 


flip-flops. 
All inputs 
have 50 kfl 
pull-down 
resistors. 


Features 


• 
30% 
power 
reduction 
of the F100136 


• 
2000V 
ESD protection 


• 
Pin/function 
compatible 
with 
F100136 


• 
Voltage 
compensated 
operating 
range 
= 


-4.2V 
to 
-5.7V 


Pin Names 
Description 


CP 
Clock Pulse Input 


CEP 
Count Enable Parallel 
Input (Active 
LOW) 


Do/CET 
Serial Data Input/Count 
Enable 


Trickle 
Input (Active 
LOW) 


SO-S2 
Select 
Inputs 


MR 
Master 
Reset Input 


PO-P3 
Preset Inputs 


D3 
Serial Data Input 


TC 
Terminal 
Count Output 


00-03 
Data Outputs 


00-03 
Complementary 
Data Outputs 


24-Pln 
Quad Cerpak 


5\ 
50 WRVEECP Po 
P, 
P2 
P3 
Vas 
D3 
03 
Q.s 


ITil~[!][!]0[!]m 


[i] O2 
00, 


[!]v"" 
ITl vcc 
[ii] Vet 
[llJ 0, 
[W 01 


5, 
ill 


°olCE'f 
fC 
°0 
°0 


Ii!l[iQ]WJ~~IW~ 
52 m Oo/ffTVm 
it 
00 
00 


TL/F/l0584-4 


0, 
0, 
Vcc VCCA0, 
0, 


TL/F/l0584-3 


L 
L 
L 
Parallel 
Load 


L 
L 
H 
Complement 


L 
H 
L 
Shift Left 


L 
H 
H 
Shift Right 


H 
L 
L 
CountDown 


H 
L 
H 
Clear 


H 
H 
L 
Count Up 


H 
H 
H 
Hold 


Truth Table 


00 
= LSB 


Inputs 
Outputs 


MR 
52 
51 
50 
CEP 
Oo/CET 
03 
CP 
03 
02 
01 
00 
TC 
Mode 


L 
L 
L 
L 
X 
X 
X 
.../ 
P3 
P2 
P1 
Po 
L 
Preset (Parallel 
Load) 


L 
L 
L 
H 
X 
X 
X 
.../ 
03 
02 
01 
00 
L 
Invert 


L 
L 
H 
L 
X 
X 
X 
.../ 
03 
03 
02 
01 
03 
Shift Left 


L 
L 
H 
H 
X 
X 
X 
.../ 
02 
01 
00 
Do 
03" 
Shift Right 


L 
H 
L 
L 
L 
L 
X 
.../ 
(00-3) 
minus 1 
CD 
CountDown 


L 
H 
L 
L 
H 
L 
X 
X 
03 
02 
01 
00 
CD 
Count Down with CEP not active 


L 
H 
L 
L 
X 
H 
X 
X 
03 
02 
01 
00 
H 
Count Down with CET not active 


L 
H 
L 
H 
X 
X 
X 
.../ 
L 
L 
L 
L 
H 
Clear 


L 
H 
H 
L 
L 
L 
X 
.../ 
(00-3) 
plus 1 
® 
Count Up 


L 
H 
H 
L 
H 
L 
X 
X 
03 
02 
01 
00 
® 
Count Up with CEP not active 


L 
H 
H 
L 
X 
H 
X 
X 
03 
02 
01 
00 
H 
Count Up with CET not active 


L 
H 
H 
H 
X 
X 
X 
X 
03 
02 
01 
00 
H 
Hold 


H 
L 
L 
L 
X 
X 
X 
X 
L 
L 
L 
L 
L 


H 
L 
L 
H 
X 
X 
X 
X 
L 
L 
L 
L 
L 


H 
L 
H 
L 
X 
X 
X 
X 
L 
L 
L 
L 
L 


H 
L 
H 
H 
X 
X 
X 
X 
L 
L 
L 
L 
L 
Asynchronous 
H 
H 
L 
L 
X 
L 
X 
X 
L 
L 
L 
L 
L 


H 
H 
L 
L 
X 
H 
X 
X 
L 
L 
L 
L 
H 
Master 
Reset 


H 
H 
L 
H 
X 
X 
X 
X 
L 
L 
L 
L 
H 


H 
H 
H 
L 
X 
X 
X 
X 
L 
L 
L 
L 
H 


H 
H 
H 
H 
X 
X 
X 
X 
L 
L 
L 
L 
H 


<D= 
L if 00-03 
~ LLLL 
·Sefore the clock. fC is 03 
H if 00-03 
'" LLLL 
After the clock, TC is 02 


Ql- 
L if 00-03 
- 
HHHH 


H if 00-03 
'" HHHH 


H~ 
HIGH Voltage Level 


L~ 
LOW Voltage Level 


X~ 
Don't Care 


....r = LOW-to-HIGH 
Transition 
• 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
(Tel 
please 
contact 
the 
National 
Semiconductor 
Sales 
Commercial 
O·Cto 
+8S·C 
Office/Distributors 
for availability 
and specifications. 
Military 
- SS·C to + 12S·C 
Storage 
Temperature 
(TSTG) 
- 6S·C to + 1S0·C 
Supply 
Voltage 
(VEE) 
Maximum 
Junction 
Temperature 
(TJ) 
Commercial 
-S.7Vto 
-4.2V 
Ceramic 
+ 17S·C 
Military 
-S.7Vto 
-4.2V 
Plastic 
+1S0·C 


VEE Pin Potential 
to Ground 
Pin 
-7.0V 
to + O.SV 


Input Voltage 
(DC) 
VEEto 
+O.SV 


Output Current 
(DC Output 
HIGH) 
-SOmA 


ESD (Note 2) 
~2000V 


Commercial 
Version 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -S.7V. 
VCC = VCCA = GND, Tc = O·C to +8S·C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


VOH 
Output 
HIGH Voltage 
-102S 
-9SS 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-170S 
-1620 
mV 
orVIL(Min) 
son to -2.0V 


VOHC 
Output 
HIGH Voltage 
-103S 
mV 
VIN = VIH(Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
mV 
or VIL (Max) 
son to -2.0V 


VIH 
Input HIGH Voltage 
-116S 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-147S 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
O.SO 
fLA 
VIN = VIL (Min) 


IIH 
Input HIGH Current 
240 
fLA 
VIN = VIH (Max) 


lEE 
Power Supply Current 
Inputs Open 


-198 
-100 
mA 
VEE = -4.2V 
to -4.8V 


-220 
-100 
VEE = -4.2Vto-S.7V 


Note 
1: Absolute 
maximum 
ratings are those values beyond which the device may be damaged 
or have its useful life impaired. Functional 
operation 
under these 
conditions 
is not implied. 
Note 2: ESDtestingconformsto MIL-STD-883,Method3015. 


Note 
3: The specified 
limits represent 
the "worst case" value for the parameter. 
Since these values normally occur at the temperature 
extremes, 
additional 
noise 
immunity and guardbanding 
can be achieved 
by decreasing 
the allowable 
system operating 
ranges. 
Conditions 
for testing shown 
in the tables 
are chosen 
to 
guarantee 
operation 
under "worst case" 
conditions. 


Commercial 
Version 
(Continued) 


Ceramic Dual-In-Line 
Package Ae Characteristics 


VEE = -4.2V 
to -5.7V, Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O·C 
Tc = +25"C 
Tc = +85"C 
Units 
Conditions 
Min 
Max 
Min 
Max 
Min 
Max 


fshift 
Shift Frequency 
250 
250 
250 
MHz 
Figures 2 and 3 


tpLH 
Propagation 
Delay 
0.70 
1.90 
0.70 
1.90 
0.80 
2.00 
ns 
Figures 
1 and 3 


tpHL 
CPtoQn. 
an 
(Note 1) 


tpLH 
Propagation 
Delay 
1.30 
3.80 
1.30 
3.80 
1.40 
3.90 
ns 
Figures 
1, 7, 8 


tpHL 
CP to TC (Shift) 
(Note 1) 


tpLH 
Propagation 
Delay 
1.60 
4.60 
1.60 
4.60 
1.60 
5.00 
ns 
Figures 
1 and 9 


tpHL 
CP to TC (Count) 
(Note 1) 


tpLH 
Propagation 
Delay 
1.10 
2.50 
1.10 
2.50 
1.20 
2.60 
ns 
Figures 
1 and 4 


tpHL 
MR toQn. 
an 
(Note 1) 


tpLH 
Propagation 
Delay 
2.00 
4.00 
2.00 
4.00 
2.20 
4.10 
ns 
Figures 
1, 12 


tpHL 
MR to TC (Count) 
(Note 1) 


tPHL 
Propagation 
Delay 
1.60 
3.20 
1.60 
3.20 
1.70 
3.40 
ns 
Figures 
1, 10, 11 


MR to TC (Shift) 
(Note 1) 


tpLH 
Propagation 
Delay 
1.20 
3.20 
1.20 
3.20 
1.40 
3.70 
ns 


tpHL 
Do/CETtoTC 
Figures 
1 and 5 


tpLH 
Propagation 
Delay 
(Note 1) 
0.90 
4.00 
0.90 
4.20 
1.00 
4.80 
ns 


tpHL 
Sn toTC 


tTLH 
Transition 
Time 
0.35 
1.20 
0.35 
1.20 
0.35 
1.20 
Figures 
1 and 3 


tTHL 
20% to 80%, 80% to 20% 
ns 


ts 
Setup Time 


D3 
1.00 
1.00 
1.00 


Pn 
1.30 
1.30 
1.30 


Do/CET 
1.35 
1.35 
1.35 
ns 
Figure 6 


CEP 
1.90 
1.90 
1.90 


Sn 
4.40 
4.40 
4.40 


MR (Release 
Time) 
2.60 
2.60 
2.60 


th 
Hold Time 


D3 
0.40 
0.40 
0.40 


Pn 
0.50 
0.50 
0.50 
Figure 6 
Do/CET 
0.30 
0.30 
0.30 
ns 


CEP 
0.40 
0.40 
0.40 


Sn 
-0.40 
-0.40 
-0.40 


tpw(H) 


Pulse Width HIGH 
2.00 
2.00 
CP, MR 
2.00 
ns 
Figures 3and 4 


Note 1: The propagation delay specified is for single output switching. Delays may vary up to 250 ps with multiple outputs switching. 
• 


Commercial 
Version 
(Continued) 


PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V 
to -5.7V, Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +2S'C 
Tc = +8S'C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Min 
Max 


fshilt 
Shift Frequency 
300 
300 
300 
MHz 
Figures 2 and 3 


tpLH 
Propagation 
Delay 
0.70 
1.70 
0.70 
1.70 
0.80 
1.80 
ns 
Figures 
1 and 3 


tPHL 
CPtoQn, 
an 
(Note 2) 


tpLH 
Propagation 
Delay 
1.30 
3.60 
1.30 
3.60 
1.40 
3.70 
ns 
Figures 
1, 7, 8 


tpHL 
CP to TC (Shift) 
(Note 2) 


tpLH 
Propagation 
Delay 
1.60 
4.40 
1.60 
4.40 
1.60 
4.80 
ns 
Figures 
1 and 9 


tpHL 
CP to TC (Count) 
(Note 2) 


tpLH 
Propagation 
Delay 
1.10 
2.30 
1.10 
2.30 
1.20 
2.40 
ns 
Figures 
1 and 4 


tpHL 
MR to Qn, an 
(Note 2) 


tpLH 
Propagation 
Delay 
2.00 
3.80 
2.00 
3.80 
2.20 
3.90 
ns 
Figures 
1 and 12 


tpHL 
MR to TC (Count) 
(Note 2) 


tpHL 
Propagation 
Delay 
1.60 
3.00 
1.60 
3.00 
1.70 
3.20 
ns 
Figures 
1, 10, 11 


MR to TC (Shift) 
(Note 2) 


tpLH 
Propagation 
Delay 
1.20 
3.00 
1.20 
3.00 
1.40 
3.50 
ns 


tpHL 
Do/CETto 
TC 
Figures 
1 and 5 


tpLH 
Propagation 
Delay 
(Note 2) 


tPHL 
SntoTC 
0.90 
3.80 
0.90 
4.00 
1.00 
4.60 
ns 


tTLH 
Transition 
Time 
0.35 
1.10 
0.35 
1.10 
0.35 
1.10 
Figures 
1 and 3 
tTHL 
20% to 80%, 80% to 20% 
ns 


ts 
Setup Time 


D3 
0.90 
0.90 
0.90 


Pn 
1.20 
1.20 
1.20 


Do/CET 
1.25 
1.25 
1.25 
ns 
Figure 6 


CEP 
1.80 
1.80 
1.80 


Sn 
4.30 
4.30 
4.30 
MR (Release 
Time) 
2.50 
2.50 
2.50 


th 
Hold Time 


D3 
0.30 
0.30 
0.30 


Pn 
0.40 
0.40 
0.40 
Figure 6 
Do/CET 
0.20 
0.20 
0.20 
ns 


CEP 
0.30 
0.30 
0.30 


Sn 
-0.50 
-0.50 
-0.50 


tpw(H) 
Pulse Width HIGH 
2.00 
2.00 
2.00 
Figures 3and 4 
CP,MR 
ns 


tS,G-G 
Skew, Gate to Gate 
TBD 
TBD 
TBD 
PCCOnly 
ps 
(Note 1) 


Note 
1: Gate to gate skew is defined as the difference 
in propagation 
delays between 
each of the outputs. 


Note 
2: The propagation 
delay specified 
is for single output sWitching. Delays may vary up to 250 ps with multiple outputs switching. 


-- 
-- 
~~~ 
- 
--, 
.'oJ 
-- - '- 
._- - 


Symbol 
Parameter 
Mln 
Max 
Units 
Tc 
Conditions 
Notes 


VOH 
Output 
HIGH Voltage 
-1025 
-870 
mV 
O"Cto 


+ 125"C 
VIN = VIH (Max) 
Loading 
with 
-1085 
-870 
mV 
-55"C 
OrVIL(Min) 
500 
to -2.0V 
1,2,3 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
mV 
O"Cto 


+ 125"C 


-1830 
-1555 
mV 
-55"C 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
O"Cto 


+ 125"C 
VIN = VIH (Min) 
Loading 
with 


-1085 
mV 
-55"C 
or VIL (Max) 
500 
to -2.0V 
1,2,3 


VOLC 
Output 
LOW Voltage 
-1610 
mV 
O"Cto 


+ 125"C 


-1555 
mV 
-55"C 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
-55"Cto 
Guaranteed 
HIGH Signal 
1,2,3,4 
+ 125"C 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 
-55"Cto 
Guaranteed 
LOW Signal 
1,2,3,4 
+125"C 
for All Inputs 


IlL 
Input LOW Current 
0.50 
IJ-A 
-55"Cto 
VEE = -4.2V 
1,2,3 
+ 125"C 
VIN = VIL (Min) 


IIH 
Input HIGH Current 
240 
IJ-A 
O"Cto 
VEE = -5.7V 
+ 125"C 
VIN = VIH(Max) 
1,2,3 


340 
IJ-A 
-55"C 


lEE 
Power Supply Current 
-55"C 
Inputs Open 


-208 
-100 
mA 
to 
VEE = -4.2V 
to -4.8V 
1,2,3 


-230 
-100 
+ 125"C 
VEE = -4.2Vto 
-5.7V 


Note 
1: FlOOK 300 series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), 
then testing 
immediately without allowing for the junction temperature to stablize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at -55·C, + 25°C. and + 125°C. Subgroups 1, 2, 3, 7, and 8. 


Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at - 55"C, + 25°C, + 125°C, Subgroups A1, 2, 3, 7, and 8. 


Note 4: Guaranteed by applying specified input conditon and testing VOH/VOL. 


Military Version-Preliminary 
(Continued) 


Ceramic Dual-In-Line 
Package AC Characteristics 


VEE= -4.2V 
to -5.7V, Vee = VeeA = GND 


Symbol 
Parameter 
Tc = -55'C 
Tc = +25'C 
Tc = +125' 
Units 
Conditions 
Notes 


Min 
Max 
Min 
Max 
Min 
Max 


fshilt 
Shift Frequency 
200 
200 
200 
MHz 
Figures 2 and 3 
4 


tpLH 
Propagation 
Delay 
0.60 
2.10 
0.60 
2.10 
0.70 
2.20 
ns 
Figures 
1 and 3 
tpHL 
CP to On, an 
1,2,3,5 


tpLH 
Propagation 
Delay 
1.20 
4.00 
1.20 
4.00 
1.30 
4.10 
ns 
Figures 
1, 7, 8 
tpHL 
CP to TC (Shift) 


tpLH 
Propagation 
Delay 
1.50 
4.80 
1.50 
4.80 
1.50 
5.20 
ns 
Figures 
1 and 9 
1,2,3,5 
tPHL 
CP to TC (Count) 


tpLH 
Propagation 
Delay 
1.00 
2.70 
1.00 
2.70 
1.10 
2.80 
ns 
Figures 
1 and 4 
tpHL 
MR to On, an 
1,2,3,5 


tpLH 
Propagation 
Delay 
1.90 
4.20 
1.90 
4.20 
2.10 
4.30 
ns 
Figures 
1, 12 
tpHL 
MR to TC (Count) 


tpHL 
Propagation 
Delay 
1.50 
3.40 
1.50 
3.40 
1.60 
3.60 
ns 
Figures 
1, 10, 11 1,2,3,5 
MR to TC (Shift) 


tpLH 
Propagation 
Delay 
1.10 
3.40 
1.10 
3.40 
1.30 
3.90 
ns 


tpHL 
Do/CETtoTC 
Figures 
1 and 5 
1,2,3,5 
tpLH 
Propagation 
Delay 
0.80 
4.20 
0.80 
4.40 
0.90 
5.00 
ns 
tpHL 
Sn toTC 


tTLH 
Transition 
Time 
0.45 
1.20 
0.35 
1.20 
0.35 
1.20 
Figures 
1 and 3 
4 
ns 


tTHL 
20% to 80%, 80% to 20% 


ts 
Setup Time 


D3 
1.20 
1.20 
1.20 


Pn 
1.50 
1.50 
1.50 


Do/CET 
1.55 
1.55 
1.55 
ns 
Figure 6 
4 


CEP 
2.10 
2.10 
2.10 


Sn 
4.60 
4.60 
4.60 
MR (Release 
Time) 
2.80 
2.80 
2.80 


th 
Hold Time 


D3 
0.60 
0.60 
0.60 
Pn 
0.70 
0.70 
0.70 
Figure 6 
4 
Do/CET 
0.50 
0.50 
0.50 
ns 


CEP 
0.60 
0.60 
0.60 


Sn 
-0.30 
-0.30 
-0.30 


tpw(H) 
Pulse Width 
HIGH 
2.20 
2.20 
2.20 
Figures 3and 4 
4 
CP,MR 
ns 


Note 
1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55·C), 
then testing 


immediately after power-up. 
This provides "cold start" specs which can be considered a worst case condition at cold tempertures. 


Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroups A9. 


Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25°C, Subgroups A9. and at + 125°C and -5SoC 
temperatures, Subgroups A10 and 
A'1. 


Note 4: Not tested at +25°C, + 125"C, and -55°C 
temperature (design characterization data). 


Note 5: The propagation delay specified is for single output sWitching.Delays may vary up to 250 ps with multiple outputs sWitching. 


Military Version-Preliminary 
(Continued) 


Cerpak AC Electrical Characteristics 
VEE= -4.2V 
to -5.7V, Vee = VeeA = GND 


Tc = -55'C 
Tc = +25'C 
Tc = + 125'C 
Units 
Conditions 
Notes 
Symbol 
Parameter 
Min 
Max 
Min 
Max 
Mln 
Max 


Ishilt 
Shift Frequency 
200 
200 
200 
MHz 
Figures 2 and 3 
4 


tpLH 
Propagation 
Delay 
0.60 
2.10 
0.60 
2.10 
0.70 
2.20 
ns 
Figures 
1 and 3 


tpHL 
CP to On, an 
1,2,3,5 


tpLH 
Propagation 
Delay 
1.20 
4.00 
1.20 
4.00 
1.30 
4.10 
ns 
Figures 
1, 7, 8 


tpHL 
CP to TC (Shift) 


tpLH 
Propagation 
Delay 
1.50 
4.80 
1.50 
4.80 
1.50 
5.20 
ns 
Figures 
1, 9 
1,2,3,5 


tpHL 
CP to TC (Count) 


tpLH 
Propagation 
Delay 
1.00 
2.70 
1.00 
2.70 
1.10 
2.80 
ns 
Figures 
1 and 4 


tpHL 
MR to On, an 
1,2,3,5 


tpLH 
Propagation 
Delay 
1.90 
4.20 
1.90 
4.20 
2.10 
4.30 
ns 
Figures 
1 and 12 


tpHL 
MR to TC (Count) 


tpHL 
Propagation 
Delay 
1.50 
3.40 
1.50 
3.40 
1.60 
3.60 
ns 
Figures 
1, 10, 11 1,2,3,5 
MR to TC (Shilt) 


tpLH 
Propagation 
Delay 
1.10 
3.40 
1.10 
3.40 
1.30 
3.90 
ns 


tpHL 
Do/CETtoTC 
Figures 
1 and 5 
1,2,3,5 


tpLH 
Propagation 
Delay 
0.80 
4.20 
0.80 
4.40 
0.90 
5.00 
ns 


tpHL 
Sn toTC 


tTLH 
Transition 
Time 
0.45 
1.10 
0.35 
1.10 
0.35 
1.10 
Figures 
1 and 3 
4 
ns 


tTHL 
20% to 80%,80% 
to 20% 


ts 
Setup Time 


D3 
1.20 
1.20 
1.20 


Pn 
1.50 
1.50 
1.50 


Do/CET 
1.55 
1.55 
1.55 
ns 
Figure 6 
4 


CEP 
2.10 
2.10 
2.10 


Sn 
4.60 
4.60 
4.60 


MR (Release 
Time) 
2.80 
2.80 
2.80 


th 
Hold Time 


D3 
0.60 
0.60 
0.60 


Pn 
0.70 
0.70 
0.70 
Figure 6 
4 


Do/CET 
0.50 
0.50 
0.50 
ns 


CEP 
0.60 
0.60 
0.60 


Sn 
-0.30 
-0.30 
-0.30 


tpw(H) 
Pulse Width 
HIGH 
2.20 
2.20 
2.20 
Figures 3and 4 
4 
CP,MR 
ns 


Note 
1: F100K 
300 
Series 
cold temperature 
testing 
is performed 
by temperature 
soaking 
(to guarantee 
junction 
temperature 
equats 
-55°C), 
then 
testing 
immediately 
after power-up. 
This provides "cold start" specs which can be considered 
a worst case condition at cold tempertures. 


Note 
2: Screen 
tested 
100% 
on each device at + 25°C temperature 
only, Subgroup A9. 


Note 
3: Sample tested (Method 
5005, Table I) on each manufactured 
lot at + 25°C, Subgroup A9, and at + 125°C and - 55°C temperatures, 
Subgroups 
AI 0 and 


All. 


Note 
4: Not tested at + 25°C, + 125°C, and - 55°C temperature 
(design characterization 
data). 


Note 
5: The propagation 
delay specified is for single output switching. Delays may vary up to 250 ps with multiple outputs switching. 
• 


CD 
CO)8 
Test Circuitry 
o.•.. 


\ 
II 


L1 
,... 
, 
I 


\ , 
RTI 
Noles: 


Vee, VeeA ~ 
+2V, 
VEE ~ 
-2.5V 


L1, L2 and L3 ~ equal length 50n impedance 
lines 


Rr = son terminator 
internal to scope 


Decoupling 
0.1 I'F from GND to Vee and VEE 


All unused outputs are loaded with 500 
to GND 


CL = Fixture and stray capacitance 
::;;;3 pF 


Pin numbers 
shown 
are for flatpak; 
for DIP see logic symbol 


15 
500 


5 
14 
67 
13 
9 
10 
1112 
SOO 


50 
SO 
SOO 
0 
0 


0.1 _F 
25 _F 
I I 
-=- 
-=- Vcc-=- 
-=- 


Notes: 


For shift right mode, + 1.05V is applied at So. 
The feedback 
path from output to input should be as short as possible. 


-_/ 


• 


,..""'1r lr'''''"' 
'''"' 
~ 
g;~% 


IpHLj 
--r---~-------+O'31 
v 


__ It. :==-th-I 


----------- 
+1.05 
V 


CLOCK 
,,/ 


50 


% 
+ 0.31 V 


Notes: 


ts is the minimum time before the transition of the clock that information 
must be present at the data input. 


th is the minimum time after the transition of the clock that information must remain unchanged at the data input. 


FIGURE 
6. Setup 
and Hold Time 


CLOCK 
J 
\ 
50%J 
\ 


TC ~~~~~~~~~~~~~~~~~-._~_lf-IP-L-H---~--:'----------------------------------::::j-t_5_~~_.H_L 
~_-_~~~~~~ 


Note: Shift Right Mode; So ~ H, 5, 
~ H, 52 ~ L. 


FIGURE 
7. Propagation 
Delay, 
Clock 
to Terminal 
Count 
(Shift 
Right 
Mode) 


,------- 


CLOCK 
J 
, 
50_%J 
, 
_ 


TC 
::j_f-tP-L-H------------5-~-% 
t_t 
P 
_ 
H 
_ 
L 
_ 


Note: Shift Left Mode; So ~ L, S, ~ H, S2 ~ L. 
FIGURE 
8. Propagation 
Delay, 
Clock 
to Terminal 
Count 
(Shift 
Left 
Mode) 


fC: 
: 
, 
, 


.' 
I 
I 
1 
I 
t 
I 
, 
count 
down: 
0 
: 15 : 14 : 13 : 12 : 11 : 10 : 


It' 
I 
I 
I 
I 
, 


r 
It' 
I 
, 
I 
I 
, 
count up· : 14 : 15: 
0: 
: 2: 
: 4 : 5 : 
I 
I 
, 
I 
1 
, 
I 
I 
I 


,, 
, 
, 
, 
, 
, 
, 


: 0 : 15: 
, 
, 
, 


I 
I 
I 
I 
, 
I 
1 
I 


:10:11:12:13:14:15: 
: 


I 
I 
I 
I 
'I 


Note: 


·Decimal 
representation 
of binary outputs. 


Count Up: So ~ L, S, ~ H, S2 ~ H; Count Down: So ~ L, S, ~ L, S2 ~ H. 


Measurement 
taken at 50% point of waveform. 


CLOCK 
.,1 


MR ~ 
5_0%J 


____ 
:::jttPHL 


TC 
1 
50% 
_ 


Note: Shift Right Mode; So ~ H, S, ~ H, S2 ~ L. 


FIGURE 
10. Propagation 
Delay, 
Master 
Reset 
to Terminal 
Count 
(Shift 
Right 
Mode) 


FJI 


CD 
('I)S 
Switching Waveforms (Continued) 
o 
.•.. 


MR~ 
50~j. 
------,. 
-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_::j_ttPHL 
fe 
1 
50% 
_ 


Note: Shift Left Mode; So ~ 
L, S, ~ 
H, S2 ~ 
L. 


FIGURE 
11. Propagation 
Delay, 
Master 
Reset 
to Terminal 
Count 
(Shift 
Left 
Mode) 


Note: 


-Decimal 
representation 
of binary outputs. Count Up Mode: So = L. 51 = H,82 
= H. 


fe,,, 


count-: 
8 


Note: 


·Oecimal 
representation 
of binary outputs. Count Down Mode: So = L, 81 = L,52 
= H. 


FIGURE 
12. Propagation 
Delay, 
Master 
Reset 
to Terminal 
Count 
(Count 
Up and Count 
Down 
Modes) 


M;:t", 


No~N3 
N••-N7 
Na-N" 
4 
4 
4 


PO-P3 
PO-P3 
5, 
PO·P3 


5, 
5, 


COUNT 
F1DD336 
F1DD336 
CEP 


ENAill 
CEP 
CEP 
F1DD336 


TC 
CET 


fiN 
CP 
TC 
CP 
TC 
O. 
0, 
0, 
0, 
CP 


CEP 


CET 
F1DD336 


CP 


~National 
~ 
Semiconductor 


F100341 
Low Power 8-Bit Shift Register 


General Description 


The 
F100341 
contains 
eight 
edge-triggered, 
D-type 
f1ip- 


flops with individual 
inputs 
(Pn) and outputs 
(an) for parallel 


operation, 
and with serial 
inputs 
(Dn) and steering 
logic for 
bidirectional 
shifting. 
The flip-flops 
accept 
input data a setup 


time 
before 
the positive-going 
transition 
of the clock 
pulse 


and their outputs 
respond 
a propagation 
delay after this ris- 
ing clock 
edge. 


The circuit 
operating 
mode 
is determined 
by the Select 
in- 
puts So and S1, which are internally 
decoded 
to select either 


"parallel 
entry", 
"hold", 
"shift 
left" 
or "shift 
right" 
as de- 


scribed 
in the Truth Table. 
All inputs 
have 50 kfl 
pull-down 


resistors. 


Features 


• 
35% 
power 
reduction 
of the F100141 


• 
2000V 
ESD protection 


• 
Pin/function 
compatible 
with F100141 


• 
Voltage 
compensated 
operating 
range 


-5.7V 


Pin Names 
Description 


CP 
Clock Input 


SO,S1 
Select 
Inputs 


Do, D7 
Serial Inputs 


PO-P7 
Parallel 
Inputs 
00-07 
Data Outputs 


TL/F/9880-1 


Connection 
Diagrams 


24·Pin 
DIP 
28·Pin 
PCC 
24·Pin 
Quad Cerpak 


Ps P6 P7VE£S 070706 
P3 
S, 
So 
VEE 
CP 
P4 
DO 
1 
24 
Po 
[j]llIDmlIlmmrn 


°0 
2 
23 
PI 


0, 
3 
22 
P2 
p.1rn 
mos 
P2 
1 
Ps 


02 
4 
21 
P3 
CP lffi 
m04 
P, 
2 
P6 


°3 
5 
20 
S, 
VEE 1m 
CD VCCA 
Po 
3 
P7 


Vcc 
6 
19 
So 
VEES 1m 
(D VCC 


Do 
4 
~ 
So (j!J 
liIDVcc 


VCCA 
7 
18 
VEE 
S, 1m 
1m 03 
°0 
5 
°7 


°4 
8 
17 
CP 
P3 (j!J 
IiID02 
0, 
6 
06 


°5 
9 
16 
p. 


°6 
10 
15 
Ps 
[jID~WlIm~~~ 


°7 
11 
14 
P6 
P2 P, 
POVE£SOO 00 01 
°2 03 Vcc 
VCCA 04 05 


~ 
12 
13 
P7 
TL/F/9880-4 
TL/F/9880-3 


TL/F/9880-2 


cp 


a, . 
• a, 
Or 


TLiF/9880-5 


Truth Table 


Function 
Inputs 
Outputs 


07 
DO 
S1 
So 
CP 
07 
06 
05 
04 
03 
02 
01 
00 


Load Register 
X 
X 
L 
L 
....r 
P7 
P6 
Ps 
P4 
P3 
P2 
P1 
Po 


Shift Left 
X 
L 
L 
H 
....r 
06 
Os 
04 
03 
02 
01 
00 
L 


Shift Left 
X 
H 
L 
H 
....r 
06 
Os 
04 
03 
02 
01 
00 
H 


Shift Right 
L 
X 
H 
L 
....r 
L 
07 
06 
Os 
04 
03 
02 
01 
Shift Right 
H 
X 
H 
L 
....r 
H 
07 
06 
Os 
04 
03 
02 
01 


Hold 
X 
X 
H 
H 
X 


Hold 
X 
X 
X 
X 
H 
No Change 


Hold 
X 
X 
X 
X 
L 


H = HIGH Voltage Level 


L ~ 
LOW Voltage Level 


X = Don't Care 


-" 
~ 
LOW-te-HIGH 
Transition 


FII 


please 
contact 
the 
National 
Semiconductor 
Sales 


---- 
. -···r-·---·- 
\ ·v' 
Commercial 
O·Cto 
+ 85·C 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55·C to + 125·C 


Storage 
Temperature 
(Tsm) 
- 65·C to + 150·C 
Supply 
Voltage 
(VEE) 
Maximum 
Junction 
Temperature 
(TJ) 
Commercial 
-5.7V 
to -4.2V 


Ceramic 
+175·C 
Military 
-5.7Vto 
-4.2V 


Plastic 
+ 150·C 


VEE Pin Potential 
to Ground 
Pin 
-7.0V 
to + 0.5V 


Input Voltage 
(DC) 
VEEto 
+0.5V 


Output Current 
(DC Output 
HIGH) 
-SOmA 


ESD (Note 2) 
;,,2000V 


Commercial 
Version 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND, Tc = O·C to +85·C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1705 
-1620 
mV 
orVIL 
(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
mV 
orVIL 
(Max) 
son 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
Guaranteed 
HIGH Signal 


for all Inputs 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 
Guaranteed 
LOW Signal 


for all Inputs 


IlL 
Input LOW Current 
0.50 
IJoA 
VIN = VIL (Min) 


IIH 
Input HIGH Current 
240 
)-'A 
VIN = VIH (Max) 


lEE 
Power Supply Current 
Inputs Open 


-157 
-75 
mA 
VEE = -4.2Vto 
-4.8V 


-167 
-75 
mA 
VEE = -4.2V 
to -5.7V 


Note 
1: Absolute 
maximum 
ratings are those values beyond which the device may be damaged 
or have its useful life impaired. 
Functional 
operation 
under these 
conditions 
is not implied. 


Nole 2: ESDtestingconformsto MIL-STD·883.Method3015. 


Note 
3: The specified 
limits represent 
the "worst case" 
value for the parameter. 
Since these values normally occur at the temperature 
extremes, 
additional 
noise 


immunity 
and guardbanding 
can be achieved 
by decreasing 
the allowable 
system 
operating 
ranges. 
Conditions 
for testing 
shown 
in the tables 
are chosen 
to 


guarantee 
operation 
under "worst case" 
conditions. 


Commercial Version 
(Continued) 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE= -4.2V 
to -5.7V, Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Mln 
Max 


fmax 
Max Clock Frequency 
400 
400 
400 
MHz 
Figures 2 and 3 


tpLH 
Propagation 
Delay 
0.90 
1.90 
1.00 
2.00 
1.00 
2.10 
ns 
Figures 
1 and 3 


tpHL 
CPtoOutput 
(Note 1) 


tTLH 
Transition 
Time 
0.35 
1.30 
0.35 
1.30 
0.35 
1.30 
Figures 
1 and 3 
ns 


tTHL 
20% to 80%, 80% to 20% 


ts 
Setup Time 


On, Pn 
0.65 
0.65 
0.65 
ns 


Sn 
1.60 
1.60 
1.60 
Figure 4 
th 
Hold 


On, Pn 
0.80 
0.80 
0.80 
ns 


Sn 
0.60 
0.60 
0.60 


tpw(H) 
Pulse Width HIGH 
2.00 
2.00 
2.00 
Figure 3 
CP 
ns 


Note 1: The propagation 
delay specified is for the switching of a single output. Delays may vary up to 0.40 ns if mUltiple outputs are switching simultaneously. 


PCC and Cerpak AC Electrical Characteristics 
VEE= -4.2V 
to -5.7V, Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Mln 
Max 


fmax 
Max Clock Frequency 
425 
425 
425 
MHz 
Figures 2 and 3 


tpLH 
Propagation 
Delay 
0.90 
1.70 
1.00 
1.80 
1.00 
1.90 
ns 
Figures 
1 and 3 


tpHL 
CPtoOutput 
(Note 1) 


tTLH 
Transition 
Time 
0.35 
1.20 
0.35 
1.20 
0.35 
1.20 
Figures 
1 and 3 
tTHL 
20% to 80%, 80% to 20% 
ns 


ts 
Setup Time 


Dn,Pn 
0.55 
0.55 
0.55 
ns 


Sn 
1.50 
1.50 
1.50 
Figure 4 


th 
Hold Time 


On, Pn 
0.70 
0.70 
0.70 
ns 


Sn 
0.50 
0.50 
0.50 


tpw(H) 
Pulse Width 
HIGH 
2.00 
2.00 
2.00 
Figure 3 
CP 
ns 


ts,G-G 
Skew, Gate to Gate 
TBD 
TBD 
TBD 
ns 
PCC Only (Note 2) 


Note 1: The propagation 
delay specified is for the switching of a single output. Delays may vary up to 0.40 ns if multiple outputs are switching simultaneously_ 


Note 2: Gate to gate skew is defined as the difference 
in propagation 
delays between each of the outputs. 


Military Version-Preliminary 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND, Tc = 
-55'C 
to + 125'C 


Symbol 
Parameter 
Min 
Max 
Units 
Tc 
Conditions 
Notes 


VOH 
Output 
HIGH Voltage 
-1025 
-870 
mV 
O'C to + 125'C 


-1085 
-870 
mV 
-55'C 
VIN = VIH (Max) 
Loading 
with 
1,2,3 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
mV 
O'C to + 125'C 
orVIL(Min) 
50n 
to -2.0V 


-1830 
-1555 
mV 
-55'C 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
O'C to + 125'C 


-1085 
mV 
-55'C 
VIN = VIH (Min) 
Loading 
with 
1,2,3 


VOLC 
Output 
LOW Voltage 
-1610 
mV 
O'C to + 125'C 
orVIL 
(Max) 
50n 
to -2.0V 


-1555 
mV 
-55'C 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
- 55'C to + 125'C 
Guaranteed 
HIGH Signal 
1,2,3,4 
for All Inputs 


VIL 
Input LOW Current 
-1830 
-1475 
mV 
- 55'C to + 125'C 
Guaranteed 
LOW Signal 
1,2,3,4 
for All Inputs 


IlL 
Input LOW Current 
0.50 
I-'A 
- 55'C to + 125'C 
VEE = -4.2V 
1,2,3 
VIN = VIL (Min) 


IIH 
Input High Current 
240 
I-'A 
O'C to + 125'C 
VEE = -5.7V 
1,2,3 


340 
I-'A 
-55'C 
VIN = VIH (Max) 


lEE 
Power Supply Current 
Inputs Open 


-168 
-55 
mA 
- 55'C to + 125'C 
VEE = -4.2V 
to -4.8V 
1,2,3 
-178 
-55 
mA 
VEE = -4.2Vto 
-5.7V 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), 
then testing 
immediately 
without allowing for the junction temperature 
to stabilize due to heat dissipation 
after power·up. 
This provides 
"cold start" specifications 
which can be 
considered 
a worst case condition at cold temperatures. 


Nole 
2: Screen tested 100% on each device at -SS'C, 
+2S'C 
and + 12S'C. Subgroups 
1, 2, 3, 7, and 8. 


Nole 
3: Sample tested (Method SOOS,Table I) on each manufactured 
lot at - SS'C, + 2S'C, and + 12S'C, Subgroups A1, 2, 3, 7, and 8. 


Note 
4: Guaranteed 
by applying specified 
input condition and testing VOH/VOL. 


Military Version-Preliminary 
(Continued) 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = -4.2V 
to -5.7V, VCC= VCCA= GND 


Symbol 
Parameter 
Tc = -55'C 
Tc = +25'C 
Tc = + 125'C 
Units 
Conditions 
Notes 
Min 
Max 
Min 
Max 
Min 
Max 


'max 
Max Clock Frequency 
400 
400 
300 
MHz 
Figures 2 and 3 
4 


tpLH 
Propagation 
Delay 
0.50 
2.50 
0.70 
2.30 
0.70 
2.80 
ns 
1,2,3,5 
tpHL 
CPtoOutput 
Figures 
1 and 3 


tTLH 
Transition 
Time 
0.30 
1.90 
0.30 
1.80 
0.30 
1.90 
ns 


tTHL 
20% to 80%, 80% to 20% 


ts 
Setup Time 


On, Pn 
0.60 
0.60 
0.60 


Sn 
1.70 
1.60 
2.40 
ns 


Figure 4 
4 


th 
Hold Time 


On, Pn 
0.90 
0.90 
0.90 


Sn 
0.50 
0.50 
0.50 
ns 


tpw(H) 
Pulse Width 
HIGH 
2.00 
2.00 
2.00 
Figure 3 
CP 
ns 


Cerpak AC Electrical Characteristics 
VEE = -4.2V 
to -5.7V, VCC= VeCA = GND 


Symbol 
Parameter 
Tc = -55'C 
Tc = +25'C 
Tc = + 125'C 
Units 
Conditions 
Notes 
Mln 
Max 
Min 
Max 
Min 
Max 


'max 
Max Clock Frequency 
425 
425 
350 
MHz 
Figures 2 and 3 
4 


tpLH 
Propagation 
Delay 
0.50 
2.50 
0.70 
2.30 
0.70 
2.80 
ns 
1,2,3,5 
tpHL 
CPtoOutput 


Tra~sition 
Time 


Figures 
1 and 3 


tTLH 
0.30 
1.90 
0.30 
1.80 
0.30 
1.90 


tTHL 
20% to 80%, 80% to 20% 
ns 


ts 
Setup Time 


Dn,Pn 
0.60 
0.60 
0.60 


Sn 
1.70 
1.60 
2.40 
ns 


Figure 4 
4 
th 
Hold Time 


On, Pn 
0.90 
0.90 
0.90 


Sn 
0.50 
0.50 
0.50 
ns 


tpw(H) 
Pulse Width 
HIGH 
2.00 
2.00 
2.00 
Figure 3 
CP 
ns 


Note 
1: FlOOK 
300 
Series 
cold temperature 
testing 
is performed 
by temperature 
soaking 
(to guarantee 
junction 
temperature 
equals 
-5S"C), 
then 
testing 
immediately 
after power-up. 
This provides "cold start" specifications 
which can be considered 
a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25"C temperature only, Subgroup A9. 


Note 
3: Sample tested (Method 
5005, Table 1) on each manufactured 
lot at + 25"C, Subgroup A9, and at + 125"C and - 55"C temperatures, 
Subgroups A 10 and 
All. 


Note 
4: Not tested at + 25°C, + 125°C and - 55°C temperature 
(design characterization 
data). 


Note 
5: The propagation 
delay specified is for the switching of a single output. Delays may vary up to 0.40 ns if multiple outputs are switching simultaneously. 


17 


16 


son 
15 


14 
son 
son 


son 
son 
son 
son 


-=- 


2S.FI 


Vcc Io.1•F 


Ll,-, 
, I.1 
RT 


-=- 


L2,-, 
, 
II 
son 


-=- 
Notes: 


VCC. VCCA ~ 
+2V, 
VEE - 
-2.5V 
LT. L2 and L3 ~ equal length son impedance 
lines 
Rr = son terminator 
internal to scope 


Decoupling 
0.1 ,.F from GND to Vcc and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance 
:s:;3 pF 
Pin numbers shown are for Flatpak; for DIP see logic symbol 


Notes: 


For shrtt right mode pulse generator 
connected 
to So is moved to 81- 


Pulse generator 
connected 
to 81 has a LOW frequency 
99% duty cycle, which allows occasional 
parallel load. 


The feedback 
path from output to input should be as short as possible. 


FIGURE 
2. Shift 
Frequency 
Test 
Circuit 
(Shift 
Left) 


Pn,Sn,Dn 
Jf 
\-~50~~'I.-'_-_-_-_-~:::::: 
_1,.1:=- 1_"- 
1 
+1.05V 


___ 
/50% 


Notes: 


ts is the minimum time before 
the transition 
of the clock that information 
must be present at the data input. 


th is the minimum time after the transition of the clock that information 
must 


remain unchanged 
at the data input. 


~ 
National 
~ 
Semiconductor 


F100343 
Low Power a-Bit Latch 


General Description 


The 
F100343 
contains 
eight 
D-type 
latches, 
individual 
in- 
puts, 
(Dn), outputs 
(Qn), a common 
enable 
pin (EO). and a 


latch 
enable 
pin (LE). A Q output 
follows 
its D input when 


both E and LE are LOW. When either E or LE (or both) 
are 


HIGH, 
a latch 
stores 
the 
last valid 
data 
present 
on its D 


input prior to E or LE going 
HIGH. 


The F100343 
outputs 
are designed 
to drive a 50n 
termina- 


tion resistor 
to 
-2.0V. 
All inputs 
have 50 kn 
pull-down 
re- 


sistors. 


Features 


• 
Low power 
operation 


• 
2000V 
ESD protection 


• 
Voltage 
compensated 
operating 
range 
-5.7V 


Ordering Code: 
See Section 
8 


Logic Symbol 


Pin Names 
Description 


Do-D7 
Data Inputs 
E 
Enable 
Input 


LE 
Latch Enable 
Input 


QO-Q7 
Data Inputs 


NC 
No Connect 


TL/F/l0250-1 


Connection 
Diagrams 


24·Pin DIP 
28·Pin PCC 
24-Pin Quad Cerpak 


01 02 03 vEESo~05 06 
00 
E 
LE VEE VCCA00 


o~ 
1 
2~ 
03 
[j][jg][[][[]mrnm 


05 
2 
23 
O2 


06 
3 
22 
0, 
00 1m 
mo] 
0, 
°1 


~ 
4 
21 
00 
VCCA ~ 
IT] VCCA 
O2 
°2 
VEE IHJ 
III VCCA 
NC 
5 
20 
E 
Vm IlID 
III VCC 


03 
°3 


VCC 
6 
19 
LE 
LEII§) 
~ 
VCCA 
o~ 
o~ 


VCCA 
7 
18 
VEE 
EIi1l 
~NC 
05 
°5 


VCCA 
8 
17 
VCCA 
DO II§) 
~O] 
06 
°6 


111111111111111111111, 
07 
9 
16 
00 
1I§)11l!I~~~~~ 


°6 
10 
15 
°1 
0, 
~ 
~ 
VEESo~~ 
06 
~ 
NC VCCVCCAVCCAO] 


°5 
11 
14 
°2 
TLIF/10250-4 
TL/F/l0250-3 


0. 
12 
13 
°3 


TL/F/l0250-2 


Inputs 
Outputs 


On 
E 
LE 
Qn 


L 
L 
L 
L 


H 
L 
L 
H 


X 
H 
X 
Latched' 
X 
X 
H 
Latched' 


·Retains data present before either [E or E went HIGH 
H - 
HIGH voltaga laval 
L ~ 
LOW voltaga laval 


X = Dont's care 


Absolute Maximum Ratings 
Recommended Operating 


Above 
which 
the useful 
life may be impared 
(Note 
1) 
Conditions 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
(Tc) 
please 
contact 
the 
National 
Semiconductor 
Sales 
Commercial 
O·Cto 
+8S·C 
Office/Distributors 
for 
availability 
and 
specifications. 
Military 
- SS·C to + 12S·C 
Storage 
Temperature 
(TSTG) 
- 6S·C to + lS0·C 
Supply 
Voltage 
(VEE) 
Maximum 
Junction 
Temperature 
(TJ) 
Commercial 
-S.7Vto 
-4.2V 
Ceramic 
+17S·C 
Military 
-S.7Vto 
-4.2V 
Plastic 
+lS0·C 


VEE Pin Potential 
to Ground 
Pin 
-7.0V 
to + O.SV 


Input Voltage 
(DC) 
VEEto 
+O.SV 


Output Current 
(DC Output 
HIGH) 
-SOmA 


ESO (Note 2) 
,,2000V 


Commercial Version 
DC Electrical Characteristics 
VEE = 
-4.2V 
to -S.7V, 
VCC = VCCA = GNO, Tc = O·C to +8S·C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1705 
-1620 
mV 
orVIL 
(Min) 
son to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
mV 
orVIL 
(Max) 
son to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
Guaranteed 
HIGH Signal for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 
Guaranteed 
LOW Signal for All Inputs 


IlL 
Input LOW Current 
0.50 
/LA 
VIN = VIL (Min) 


IIH 
Input HIGH Current 
240 
/LA 
VIN = VIH (Max) 


lEE 
Power Supply Current 
Inputs Open 


-95 
-55 
mA 
VEE = -4.2V 
to -4.8V 


-97 
-55 
VEE = -4.2V 
to -S.7V 


Note 
1: Absolute 
maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional 
operation 
under these 
conditions 
is not implied. 


Nole 2: ESOtestingconformsto MIL·STO·883,Method3015. 


Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature 
extremes, additional 
noise 
immunity and guardbanding 
can be achieved 
by decreasing 
the allowable 
system operating 
ranges. Conditions 
for testing shown 
in the tables are chosen 
to 


guarantee operation 
under "worst 
case" conditions. 
Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = 
-4.2V 
to -S.7V, 
VCC = VCCA = GNO 


Symbol 
Parameter 
Tc = O·C 
Tc = +2S·C 
Tc = +8S·C 
Units 
Conditions 


Min 
Max 
Min 
Max 
Min 
Max 


tPLH 
Propagation 
Delay 
0.70 
2.00 
0.70 
2.00 
0.70 
2.20 
ns 
Figures 
1,2, 3 


tpHL 
On to Output 
(Note 1) 


tpLH 
Propagation 
Delay 
1.40 
2.90 
1.40 
2.90 
1.60 
3.10 
ns 
Figures 
1,2, 3 


tpHL 
LE. E to Output 
(Note 1) 


tTLH 
Transition 
Time 
0.45 
2.00 
0.45 
2.00 
0.45 
2.00 
Figures 
1,3 
tTHL 
20% to 80%, 
80% to 20% 
ns 


ts 
Setup Time 


00-07 
1.0 
1.0 
1.1 
ns 
Figures 
1,4 


th 
Hold Time 


00-07 
0.1 
0.1 
0.1 
ns 
Figures 
1,4 


tpw(H) 
Pulse Width HIGH 


LE, E 
2.00 
2.00 
2.00 
ns 
Figures 
1,4 


Note 
1: The propagation 
delay specified 
is for single output sWitching. Delays may vary up to 300 ps with multiple outputs switching. 


Commercial 
Version 
(Continued) 


PCC and Cerpack AC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +2S'C 
Tc = +8S'C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.70 
1.80 
0.70 
1.80 
0.70 
2.00 
ns 
Figures 1,2,3 


tPHL 
On to Output 
(Note 2) 


tpLH 
Propagation 
Delay 
1.40 
2.70 
1.40 
2.70 
1.60 
2.90 
ns 
Figures 1,2, 3 


tpHL 
LE, E to Output 
(Note 2) 


tTLH 
Transition 
Time 
0.45 
1.90 
0.45 
1.90 
0.45 
1.90 
Figures 1,3 
ns 


tTHL 
20% to 80%, 80% to 20% 


ts 
Setup Time 
00-07 
0.90 
0.90 
1.00 
ns 
Figures 
1,4 


th 
Hold Time 
00-07 
0.0 
0.0 
0.0 
ns 
Figures 
1,4 


tpw(H) 
Pulse Width HIGH 


LE,E 
2.00 
2.00 
2.00 
ns 
Figures 
1,4 


tS,G-G 
Skew, Gate to Gate 
TBD 
TBD 
TBD 
ps 
PCCOnly 


(Note 1) 


Note 
1: Gats 
to gats skew is defined 
as the difference 
in propagation 
delays between 
each of the outputs. 


Note 
2: The propagation 
delay specified 
is for single output switching. 
Delays 
may vary up to 300 
ps with multiple outputs 
sWitching. 


Military Version - 
Preliminary 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND, Tc = 
- 55'C 
to + 125'C 


Symbol 
Parameter 
Mln 
Max 
Units 
Tc 
Conditions 
Notes 


VOH 
Output 
HIGH Voltage 
-1025 
-870 
mV 
O'Cto 


+ 125'C 


-1085 
-870 
mV 
-55'C 
VIN = VIH (Max) 
Loading 
with 


orVIL 
(Min) 
50nto 
-2.0V 
1,2,3 
VOL 
Output 
LOW Voltage 
O'Cto 
-1830 
-1620 
mV 
+ 125'C 


-1830 
-1555 
mV 
-55'C 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
O'Cto 


+ 125'C 


-1085 
mV 
-55'C 
VIN = VIH (Max) 
Loading 
with 


orVIL 
(Min) 
50nto 
-2.0V 
1,2,3 
VOLC 
Output 
LOW Voltage 
O'Cto 
-1610 
mV 
+ 125'C 


-1555 
mV 
-55'C 
- 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
-55'C 
to 
Guaranteed 
HIGH Signal for All Inputs 
1,2,3,4 
+ 125'C 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 
-55'Cto 
Guaranteed 
LOW Signal for All Inputs 
1,2,3,4 
+ 125'C 


IlL 
Input LOW Current 
0.50 
IJ-A 


-55'Cto 
VEE = -4.2V 
1,2,3 
+ 125'C 
VIN = VIL (Min) 


Military Version - 
Preliminary 
(Continued) 


DC Electrical Characteristics 
(Continued) 


VEE = 
-4.2V 
to -5.7V, 
Vee = VeeA 
~ 
GNO, Te = 
- 55'C 
to + 125'C 


Symbol 
Parameter 
Min 
Max 
Units 
Tc 
Conditions 
Notes 


IIH 
Input HIGH Current 
240 
p.A 
O'Cto 
+ 125'C 
VEE = -5.7V 
1,2,3 


VIN = VIH (Max) 
340 
p.A 
-55'C 


lEE 
Power Supply Current 
-55'Cto 
Inputs Open 


-100 
-35 
mA 
+ 125'C 
VEE = -4.2Vto 
-4.8V 
1,2,3 
-105 
-35 
VEE ~ 
-4.2Vto 
-5.7V 


Note 
1: F100K 
300 
Series 
cold temperature 
testing 
is performed 
by temperature 
soaking 
(to guarantee 
junction 
temperature 
equals 
-5S"C), 
then 
testing 
immediately 
without allowing 
for the junction 
temperature 
to stabilize 
due to heat dissipation 
after power-up. 
This provides 
"cold 
start" 
specs which 
can be 


considered 
a worst case condition at cold temperatures. 


Note 
2: Screen 
tested 
100% 
on each device at - 55°C, + 2S"C, and + 125°C, Subgroups 
1, 2. 3, 7, and 8. 


Nole3: Sampletested (MethodSOOS,TableI) on each manutacturedlot at -SS'C, +2S'C, and + 12S'C,SubgroupsA1, 2, 3, 7,and 8. 


Note 
4: Guaranteed 
by applying specified input condition and testing VOH/VOL. 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -5.7V, 
Vcc = VCCA = GNO 


Parameter 
Tc = -5S'C 
Tc = + 25'C 
Tc = + 125'C 
Symbol 
Units 
Conditions 
Notes 
Min 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.50 
2.70 
0.50 
2.30 
0.50 
2.80 
ns 
Figures 
1, 2, 3 
1,2,3,5 
tpHL 
On to Output 


tpLH 
Propagation 
Delay 
0.90 
3.40 
1.0 
3.10 
1.10 
3.90 
ns 
Figures 
1, 2, 3 
1,2,3,5 


tpHL 
LE,E to Output 


tTLH 
Transition 
Time 
0.40 
2.50 
0.40 
2.40 
0.40 
2.70 
Figures 
1, 3 
4 
tTHL 
20% to 80%, 80% to 20% 
ns 


ts 
Setup Time 
00-07 
0.60 
0.60 
0.60 
ns 
Figures 
1, 4 
4 


th 
Hold Time 


00-07 
1.50 
1.50 
1.70 
ns 
Figures 
1, 4 
4 


tpw(H) 
Pulse Width HIGH 
LE,E 
2.40 
2.40 
2.40 
ns 
Figures 
1,4 
4 


Note 
1: F100K 300 Series cold temperature testing ;s performed by temperature soaking (to guarantee junction temperature equals - SS'C),then testing 
immediately 
after power·up. 
This provides 
"cold start" specs which can be considered 
a worst case condition at cold temperatures. 


Nole 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup A9. 


NOle 3: Sample 
tested 
(Method 
5005, Table 
I) on each manufactured 
lot at + 25°C, Subgroup A9, and at + 125°C and - 55°C temperatures, 
Subgroups 
AI 0 and 
A11. 


Note 4: Not tested at + 2SoC, + 125°C, and - 55°C temperature (design characterization data). 


Note 
5: The propagation 
delay specified 
is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 


Symbol 
Parameter 
Tc = -SS'C 
Tc = +2S·C 
Tc = +12S·C 
Units 
Conditions 
Notes 
Mln 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.50 
2.70 
0.50 
2.30 
0.50 
2.80 
ns 
Figures 
1,2, 3 
1,2,3,5 
tpHL 
On to Output 


tpLH 
Propagation 
Delay 
0.90 
3.40 
1.0 
3.10 
1.10 
3.90 
ns 
Figures 
1,2, 3 
1,2,3,5 
tpHL 
LE, E to Output 


tTLH 
Transition 
Time 
0.40 
2.50 
0.40 
2.40 
0.40 
2.70 
Figures 
1,3 
4 
ns 


tTHL 
20% to 80%, 
80% to 20% 


ts 
Setup Time 
4 
00-07 
0.60 
0.60 
0.60 
ns 
Figures 
1,4 


th 
Hold Time 
4 
00-07 
1.50 
1.50 
1.50 
ns 
Figures 
1,4 


tpw(H) 
Pulse Width 
HIGH 
4 
LE,E 
2.40 
2.40 
2.40 
ns 
Figures 
1,4 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), 
then testing 
immediately 
after power-up. 
This provides 
"cold start" specs which can be considered 
a worst case condition at cold temperatures. 


Note 
2: Screen 
tested 
100% 
on each device at +25°C temperature 
only, Subgroup A9. 
Nole 3: Sample tested (Method SOOS,Table I) on each manufactured 
lot at + 2S"C, Subgroup A9, and at + 12S"C and -SS·C 
temperatures, 
Subgroups Al0 
and 
All. 


Note 4: Not tested at + 25°C, + 125°C, and - 55°C temperature (design characterization data). 


Note 
5: The propagation 
delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs sWitching. 


Notes: 


Vee, VeeA ~ 
+2V, 
VEE ~ 
-2.SV 


11 and L2 = equal length son impedance 
lines 
AT = son terminator 
internal to scope 


Decoupling 
0.1 p.F from GND to Vcc and VEE 
All unused outputs are loaded with son to GND 
Cl = Fixture and stray capacitance 
::s;3 pF 


DATAJ 
\_- 


TUFI10250-B 
FIGURE 
3. Propagation 
and Transition 
Times 


OATA __ 
{, 
,) 
__ 


TLiF/l0250-9 


FIGURE 4. Setup, 
Hold and Pulse Width Times 


~National 
~ 
Semiconductor 


F100344 
Low Power 8-Bit Latch with Cut-Off Drivers 


General Description 
The F100344 contains eight Ootype latches, individual in- 
puts (On),outputs (On), a common enable pin (E), latch en- 
able (lE), and output enable pin (OEN). A 0 output follows 
its 0 input when both E and lE are lOW. When either E or 
lE (or both) are HIGH, a latch stores the last valid data 
present on its 0 input prior to E or lE going HIGH. 
A HIGH on OEN holds the outputs in a cut-off state. The 
cut-off state is designed to be more negative than a normal 
ECl lOW level. This allows the output emitter-followers to 
turn off when the termination supply is - 2.0V, presenting a 
high impedance to the data bus. This high impedance re- 
duces termination power and prevents loss of low state 
noise margin when several loads share the bus. 


The F100344 outputs are designed to drive a doubly termi- 
nated SOD.transmission line (2SD.load impedance). All in- 
puts have SOkD.pull-down resistors. 


Features 
• 
Cut-off drivers 
• 
Drives 2SD.load 
• 
low power operation 
• 
2000V ESO protection 
• 
Voltage compensated operating range 
-S.7V 


O. 


05 


Os 


llJ 
• 


OEN 
5 


vcc 
6 


VCCA 
7 


VCCA 
8 


07 
9 


06 
10 


05 
11 
O. 
12 


Pin Names 
Description 


00-07 
Data Inputs 
E 
Enable Input 


lE 
latch Enable Input 
OEN 
Output Enable Input 
00-07 
Data Outputs 


2. 
OJ 


2J 
O2 


22 
0, 


21 
00 


20 
E 


19 
[E 


18 
V" 


17 
VCCA 


'6 
00 
'5 
0, 


14 
02 


13 
OJ 


28-Pin PCC 
24·Pin Quad Cerpak 


Q10203VWO.Q5Q6 
00 
E 
[Ev" vCCA00 • 


[j]1@][!]l!JIIll!Jrn 


00 I!1J 
rn 07 
0, 
0, 


VeCA 1m 
rn VCCA 
O2 
O2 
VE[~ 
rn VCCA 
OJ 
OJ 
VEES fj] 
mvcc 
LEliiI 
11!1VCCA 
D. 
O. 
E[Z] 
~5EN 
05 
05 


Do IiID 
11!1~ 
Os 
Os 


~119[IjJ1llJ1lJl~11lI 
°1°2 
03 Vw 
0 .• °5°6 
llJ OENVcc v""" v""" 07 


TLiF/9883-3 
TL/F/9883-2 


..,..,S 
Logic Diagram 
c 
.•.. 


Inputs 
Outputs 


On 
E 
LE 
OEN 
On 


L 
L 
L 
L 
L 


H 
L 
L 
L 
H 


X 
H 
X 
L 
Latched' 
X 
X 
H 
L 
Latched' 
X 
X 
X 
H 
Cutoff 


-Retains 
data present before either U or E go HIGH. 


H = HIGH Voltage level 
L - 
LOW Voltage level 
Cutoff = lower·than·LOW 
state 


X - 
Don't Care 


Absolute Maximum Ratings 
Recommended 
Operating 


Above 
which 
the useful 
life may be impaired 
(Note 
1) 
Conditions 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
(Tel 


please 
contact 
the 
National 
Semiconductor 
Sales 
Commercial 
O'Cto 
+85'C 
Office/Distributors 
for availability 
and specifications. 
Military 
-55'C 
to + 125'C 
Storage 
Temperature 
(TSTG) 
- 65'C to + 150'C 
Supply 
Voltage 
(VEEl 
Maximum 
Junction 
Temperature 
(TJ) 
Commercial 
-5.7Vto 
-4.2V 
Ceramic 
+ 175'C 
Military 
-5.7Vto 
-4.2V 
Plastic 
+ 150'C 


VEE Pin Potential 
to Ground 
Pin 
-7.0V 
to + 0.5V 


Input Voltage 
(DC) 
VEEto 
+0.5V 


Output 
Current 
(DC Output 
HIGH) 
-100mA 


ESD (Note 2) 
:22000V 


Commercial 
Version 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND, Tc = O'C to + 85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1705 
-1620 
mV 
orVIL 
(Min) 
25n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
mV 
orVIL 
(Max) 
25nto 
-2.0V 


VOLZ 
Cutoff 
LOW Voltage 
-1950 
mV 
VIN = VIH (Min) 
OEN = HIGH 


orVIL 
(Max) 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
Guaranteed 
HIGH Signal for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 
Guaranteed 
LOW Signal for All Inputs 


IlL 
Input LOW Current 
0.50 
/LA 
VIN = VIL (Min) 


IIH 
Input HIGH Current 
240 
/LA 
VIN = VIH (Max) 


lEE 
Power Supply Current 
Inputs Open 


-178 
-85 
mA 
VEE = -4.2V 
to -4.8V 


-185 
-85 
VEE = -4.2V 
to -5.7V 


Note 
1: Absolute 
maximum 
ratings are those values beyond which the device may be damaged 
or have its useful life impaired. 
Functional 
operation 
under these 


conditions 
is not implied. 


Nole 
2: ESDtestingconformsto MIL-STD-883.Method3015. 


Note 
3: The specified 
limits represent 
the "worst case" 
value for the parameter. 
Since these values normally occur at the temperature 
extremes, 
additional 
noise 


immunity 
and guardbanding 
can be achieved 
by decreasing 
the allowable 
system 
operating 
ranges. 
Conditions 
for testing 
shown 
in the tables 
are chosen 
to 
guarantee 
operation 
under "worst case" 
conditions. 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.90 
2.10 
0.90 
2.10 
1.00 
2.30 
ns 
Figures 1,2 


tPHL 
Dn to Output 
(Note 1) 


tpLH 
Propagation 
Delay 
1.60 
3.10 
1.60 
3.10 
1.80 
3.40 
ns 
Figures 1,2 


tpHL 
LE, E to Output 
(Note 1) 


tpZH 
Propagation 
Delay 
1.60 
4.20 
1.60 
4.20 
1.60 
4.20 
Figures 1,2 


tpHZ 
OEN to Output 
1.00 
2.70 
1.00 
2.70 
1.00 
2.70 
ns 
(Note 1) 


tTLH 
Transition 
Time 
0.45 
2.00 
0.45 
2.00 
0.45 
2.00 
Figures 1,3 
tTHL 
20% to 80%, 80% to 20% 
ns 


Note 
1: The propagation 
delay specified 
is for single output switching. 
Delays 
may vary up to 300 ps with multiple outputs switching. 


• 


Commercial 
Version 
(Continued) 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 
(Continued) 


VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GNO 


Symbol 
Parameter 
Tc = O·C 
Tc = +2S·C 
Tc = +8S·C 
Units 
Conditions 


Min 
Max 
Min 
Max 
Min 
Max 


ts 
Setup Time 
00-07 
1.0 
1.0 
1.1 
ns 
Figures 
1,3 


th 
Hold Time 
00-07 
0.1 
0.1 
0.1 
ns 
Figures 
1,3 


tpw(H) 
Pulse Width HIGH 
LE,E 
2.00 
2.00 
2.00 
ns 
Figures 
1,3 


PCC and Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
Vcc = VCCA = GNO 


Symbol 
Parameter 
Tc = O·C 
Tc = +2S·C 
Tc = +8S·C 
Units 
Conditions 
Min 
Max 
Min 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.90 
1.90 
0.90 
1.90 
1.00 
2.10 
ns 
Figures 
1,2 


tpHL 
On to Output 
(Note 2) 


tpLH 
Propagation 
Delay 
1.60 
2.90 
1.60 
2.90 
1.80 
3.20 
ns 
Figures 1,2 


tpHL 
LE, E to Output 
(Note 2) 


tpZH 
Propagation 
Delay 
1.60 
4.00 
1.60 
4.00 
1.60 
4.00 
Figures 
1,2 


tpHZ 
OEN to Output 
1.00 
2.50 
1.00 
2.50 
1.00 
2.50 
ns 
(Note 2) 


tTLH 
Transition 
Time 
0.45 
1.90 
0.45 
1.90 
0.45 
1.90 
Figures 
1,3 


tTHL 
20% to 80%, 
80% to 20% 
ns 


ts 
Setup Time 
00-07 
0.90 
0.90 
1.00 
ns 
Figures 
1,3 


th 
Hold Time 
00-07 
0.0 
0.0 
0.0 
ns 
Figures 
1,3 


tpw(H) 
Pulse Width HIGH 
LE,E 
2.00 
2.00 
2.00 
ns 
Figures 
1,3 


tS,G-G 
Skew, Gate to Gate 
TBO 
TBO 
TBO 
ps 
PCCOnly 
(Note 1) 


Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 
Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 


Military Version-Preliminary 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GNO, Tc = 
- 55·C to + 125·C 


Symbol 
Parameter 
Min 
Max 
Units 
Tc 
Conditions 
Notes 


VOH 
Output 
HIGH Voltage 
-1025 
-870 
mV 
O·Cto 
+ 125·C 


-1085 
-870 
mV 
-55·C 
VIN = VIH (Max) 
Loading 
with 
1,2,3 


VOL 
Output 
LOW Voltage 
O·Cto 
orVIL 
(Min) 
25fl 
to -2.0V 


-1830 
-1620 
mV 
+ 125·C 


-1830 
-1555 
mV 
-55·C 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
O·Cto 
+ 125·C 


-1085 
mV 
-55·C 
VIN = VIH (Min) 
Loading 
with 
orVIL 
(Max) 
25fl 
to -2.0V 
1,2,3 


VOLC 
Output 
LOW Voltage 
O·Cto 
-1610 
mV 
+125·C 


-1555 
mV 
-55·C 


Military Version-Preliminary 
(Continued) 


DC Electrical Characteristics 
(Continued) 


VEE = 
-4.2V 
to -5.7V, 
Vee = VeeA = GND, Te = 
-55'C 
to + 125'C 


Symbol 
Parameter 
Mln 
Max 
Units 
Tc 
Conditions 
Notes 


VOLl 
Cutoff 
LOW Voltage 
-1950 
O'Cto 
VIN = VIH (MIN) 
mV 
+125'C 
orVIL 
(Max) 
OEN = HIGH 
1,2,3 


-1850 
-55'C 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
-55'Cto 
Guaranteed 
HIGH Signal for All Inputs 
1,2,3,4 
+ 125'C 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 
-55'Cto 
Guaranteed 
LOW Signal for All Inputs 
1,2,3,4 
+ 125'C 


IlL 
Input LOW Current 
0.50 
p.A 
-55'C 
to 
VEE = -4.2V 
1,2,3 
+ 125'C 
VIN = VIL (Min) 


IIH 
Input HIGH Current 
240 
p.A 
O'Cto 
VEE = -5.7V 
+ 125'C 
VIN = VIH (Max) 
1,2,3 


340 
p.A 
-55'C 


lEE 
Power Supply Current 
-55'Cto 
Inputs Open 


-195 
-65 
mA 
+ 125'C 
VEE = -4.2V 
to -4.8V 
1,2,3 
-205 
-65 
VEE = -4.2V 
to -5.7V 


Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), 
then testing 


immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered 
a worst case 
condition 
at cold temperatures. 


Nole 2: SCreen lested 
100% 
on each device al - SS'C, + 2S'C, 
and + 12S'C, 
Subgroups 
1, 2, 3, 7, and a. 


Nole 3: Sample tested (Method SOOS, Table I) on each manufactured 
lot at - SS'C, +2S'C, 
and + 12S'C, 
Subgroups A1, 2, 3. 7, and a. 


Note 
4: Guaranteed 
by applying specified input condition and testing VOH/VOL. 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -5.7V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = -55'C 
Tc = +25'C 
Tc = + 125'C 
Units 
Conditions 
Notes 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.50 
2.60 
0.70 
2.60 
0.70 
3.10 
ns 
Figures 
1,2 
1,2,3,5 
tpHL 
Dn to Output 


tpLH 
Propagation 
Delay 
0.80 
3.30 
1.00 
3.30 
1.10 
4.80 
ns 
Figures 
1,2 
1,2,3,5 
tpHL 
LE, E to Output 


tpZH 
Propagation 
Delay 
1.00 
4.00 
1.10 
3.80 
1.20 
4.70 
Figures 
1,2 
1,2,3,5 
tpHZ 
OEN to Output 
0.70 
3.00 
0.70 
2.80 
0.70 
3.20 
ns 


tTLH 
Transition 
Time 
0.40 
2.50 
0.40 
2.40 
0.40 
2.70 
Figures 
1,3 
4 
ns 
tTHL 
20% to 80%, 
80% to 20% 


ts 
Setup Time 


Do-D7 
1.50 
1.50 
1.70 
ns 
Figures 
1,3 
4 


th 
Hold Time 


Do-D7 
0.60 
0.60 
0.60 
ns 
Figures 
1,3 
4 


tpw(H) 
Pulse Width HIGH 


LE, E 
2.40 
2.40 
2.40 
ns 
Figures 
1,3 
4 


Military Version-Preliminary 
(Continued) 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GNO 


Symbol 
Parameter 
Tc = -55'C 
Tc = +25'C 
Tc = + 125'C 
Units 
Conditions 
Notes 
Mln 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.50 
2.60 
0.70 
2.60 
0.70 
3.10 
ns 
Figures 1,2 
1,2,3,5 
tpHL 
On to Output 


tpLH 
Propagation 
Delay 
0.80 
3.30 
1.10 
3.30 
1.10 
4.80 
ns 
Figures 1,2 
1,2,3,5 
tpHL 
LE, E to Output 


tpZH 
Progation 
Delay 
1.00 
4.00 
1.10 
3.80 
1.20 
4.70 
Figures 1,2 
1,2,3,5 
OEN to Output 
0.70 
3.00 
0.70 
2.80 
0.70 
3.20 
ns 
tpHZ 


tTLH 
Transition 
Time 
0.40 
2.50 
0.40 
2.40 
0.40 
2.70 
Figures 1,3 
4 
ns 


tTHL 
20% to 80%, 80% to 20% 


ts 
Setup Time 


00-07 
1.50 
1.50 
1.70 
ns 
Figures 1,3 
4 


th 
Hold Time 


00-07 
0.60 
0.60 
0.60 
ns 
Figures 1,3 
4 


tpw(H) 
Pulse Width HIGH 


LE,E 
2.40 
2.40 
2.40 
ns 
Figures 1,3 
4 


Note 
1: FlOOK 300 Series cold temperature 
testing 
is performed 
by temperature 
soaking 
(to guarantee 
junction 
temperature 
equals 
-5S"C), 
then testing 


immediately 
after power-up. This provides "cold start" specs which can be considered 
a worst case condition 
at cold temperatures. 


Note 2: Screen tested 100% on each device at +25"C 
temperature 
only. Subgroup A9. 


Note 3: Sample tested (Method 5005, Table I) on each manufactured 
lot at +2S"C, Subgroup A9, and at + 12S"C and - 55"C temperatures, 
Subgroups A10 and 
All. 


Note 4: Not tested at + 25"C, + 125"C, and - 5S"C temperature 
(design characterization 
data). 


Note 5: The propagation 
delay specified 
is for single output switching. Delays may vary up to 300 ps with multiple outputs sWitching. 


Test Circuitry 
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Notes: 
FIGURE 
1. AC Test 
Circuit 


vcc, VCCA ~ 
+2V, 
VEE ~ 
-2.5V 


11 and L2 = equal length son impedance 
lines 
RT = son terminator 
internal to scope 
Decoupling 
0.1 ~F from GND to Vcc and VEE 


All unused outputs are loaded with 50n 
to GND 


CL = Fixtureand straycapacitance" 3 pF 
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~ 
National 
~ 
Semiconductor 


F100350 
Low Power Hex D-Latch 


General Description 


The F1 00350 contains 
six D·type latches with true and com- 
plement 
outputs. 
a pair of common 
Enables 
(Ea and Eb). 


and a common 
Master 
Reset (MR). A a output 
follows 
its D 
input when 
both Ea and Eb are LOW. When 
either Ea or Eb 
(or both) are HIGH. a latch stores the last valid data present 
on its D input 
before Ea or Eb went 
HIGH. 
The 
MR input 
overrides 
all other inputs and makes the a outputs 
LOW. All 
inputs 
have 50 kfi 
pull-down 
resistors. 


Features 


• 
20% 
power 
reduction 
of the F100150 


• 
2000V 
ESD protection 


• 
Pin/function 
compatible 
with F100150 


• 
Voltage 
compensated 
operating 
range = 
-4.2V 
to -5.7V 


Pin Names 
Description 


Do-Ds 
Data Inputs 
Ea. Eb 
Common 
Enable 
Inputs (Active 
LOW) 


MR 
Asynchronous 
Master 
Reset Input 
00-05 
Data Outputs 
00-05 
Complementary 
Data Outputs 


24·Pin DIP 
28·Pin PCC 
24·Pin Quad Cerpak 


05 
0, DO 00vEES00 0, 01 
~ 
E,. 
MR VEE03 O2 
1 
24 
°5 
[j}[QJ[!]OOIT!OO[!] 
04 
2 
23 
05 


0. 
3 
22 
o. 
o21IlJ 
m02 
o. 
01 
03 
4 
21 
Eb 
o3@ 
m02 
05 
Do 
°3 
5 
20 
E,. 
VEE~ 
mvCCA 
°5 
°0 
VEESIiID 
[Dvcc 
Vcc 
6 
19 
MR 
MR 1m 
I1§IVcc 
05 
00 
VCCJ, 7 
18 
VEE 
Ea l!ZI 
I:!lI03 
O. 
°1 
O2 
8 
17 
03 
Eb IiID 
• 
11§1 
03 
0. 
0, 
°2 
9 
16 
O2 
01 
10 
15 
01 
1iID~[i]~~I1.!l~ 


01 
11 
14 
DO 
0.°5 
0SVEESOS 
O. O. 
03 03VccVCCJ, 
02 O2 


00 
12 
13 
00 
TL/F/9884-3 
TL/F/9884-2 


TL/F/9884-1 


~National 
~ 
Semiconductor 


F100351 
Low Power Hex D Flip-Flop 


General Description 


The 
F100351 
contains 
six D-type 
edge-triggered. 
master/ 


slave flip-flops 
with true and complement 
outputs. 
a pair of 


common 
Clock 
inputs 
(CPa and CPb) and common 
Master 


Reset (MR) input. Data enters 
a master when both CPa and 


CPb are LOW and transfers 
to the slave when CPa and CPb 


(or both) 
go HIGH. The MR input overrides 
all other 
inputs 


and makes 
the a outputs 
LOW. All inputs 
have 50 k.l1 pull- 


down 
resistors. 


Features 


• 
40% 
power 
reduction 
of the F100151 


• 
2000V 
ESD protection 


• 
Pin/function 
compatible 
with F100151 


• 
Voltage 
compensated 
operating 
range: 


-4.2V 
to -5.7V 


24-Pin 
DIP 
28-Pin 
PCC 
24-Pin 
Quad Cerpak 


0, Do 00 VEES000, 
01 
CPb CPa 
IoIR VEE03 
O2 
aS 
05 
[l]@mlIDEIJrn[[] 


a. 
05 


D. 
D. 
o21il1 
m02 
D. 
0, 


03 
CPb 
o3~ 
rn O2 
05 
2 
Do 


VEEfj1) 
rn VeCA 
05 
3 
00 
03 
5 
CPa 
VEES~ 
CD Vee 


VCC 
6 
IoIR 
IoIRII§] 
~Vee 
aS 
• 
00 


VCCA 
7 
VEt 
CPal!lJ 
) [!] ~3 
a. 
5 
0, 


02 
8 
03 
CPb II§]> 
~ 
03 
D. 
6 
01 


°2 
9 
O2 
1I§]~[j]IllJ~~~ 
01 
10 
01 
0.05 
0SVEESOsa. D. 
03 03 Vcc VCCA02 02 
°1 
11 
00 
TL/F/9885-3 
TL/F/9885-2 


00 
12 
°0 


TL/F/9885- 1 


Ordering Code: 
See Section 
8 


Logic Symbol 


Pin Names 
Description 


00-05 
Data Inputs 


CPa. CPb 
Common 
Clock Inputs 


MR 
Asynchronous 
Master 
Reset Input 


00-05 
Data Outputs 
00-05 
Complementary 
Data Outputs 


•.. 
it)S 
Logic Diagram 
o•.. 


05 
05 


TL/F/9885-4 


Inputs 
Outputs 


On 
CPa 
CPb 
MR 
Qn(t+ 
1) 


L 
...r 
L 
L 
L 


H 
...r 
L 
L 
H 


L 
L 
...r 
L 
L 


H 
L 
...r 
L 
H 


X 
H 
...r 
L 
On(t) 
X 
...r 
H 
L 
°n(t) 
X 
L 
L 
L 
°n(t) 


Outputs 


Qn(t+ 
1) 


L 


H ~ HIGH Voltage Level 
L - 
LOW Voltage Level 


X ~ 
Don't Care 
t = Time 
before 
CP positive transition 
t + 1 = Time 
after CP positive transition 


.../ 
~ 
LOW-to-HIGH 
transition 


Absolute Maximum Ratings 
Recommended 
Operating 


Above 
which 
the useful 
life may be impaired 
(Note 
1) 
Conditions 


If Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
(TcJ 
please 
contact 
the 
National 
Semiconductor 
Sales 
Commercial 
O·Cto 
+85·C 


Office/Distributors 
for availability 
and specifications. 
Military 
-55·C 
to + 125·C 


Storage 
Temperature 
(TSTG) 
- 65·C to + 150·C 
Supply 
Voltage 
(VEE) 


Maximum 
Junction 
Temperature 
(TJ) 
Commercial 
-5.7Vto 
-4.2V 
Ceramic 
+ 175·C 
Military 
-5.7Vto 
-4.2V 
Plastic 
+ 150·C 


VEE Pin Potential 
to Ground 
Pin 
-7.0Vto 
+0.5V 


Input Voltage 
(DC) 
VEEto 
+0.5V 


Output Current 
(DC Output 
HIGH) 
-50mA 


ESD (Note 2) 
:;o,2000V 


Commercial 
Version 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND, Tc = O·C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1705 
-1620 
orVIL 
(Min) 
500 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
orVIL(Max) 
500 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
,...A 
VIN = VIL (Min) 


IIH 
Input HIGH Current 
MR 
350 
Do-Os 
240 
,...A 
VIN = VIH (Max) 
CPa, CPb 
350 


lEE 
Power Supply Current 
-129 
-62 
mA 
Inputs Open 


Note 
1: Absolute 
maximum 
ratings afe those values beyond which the device 
may be damaged 
or have its useful life impaired. Functional 
operation 
under these 


conditions 
is not implied. 


Nole 
2: ESDtestingconformsto MIL·STD·883,Method3015. 


Note 
3: The specified limits represent 
the "worst case" 
value for the parameter. 
Since these values normally occur at the temperature 
extremes, 
additional 
noise 
immunity and guardbanding 
can be achieved 
by decreasing 
the allowable 
system operating 
ranges. 
Conditions 
for testing shown 
in the tables 
are chosen 
to 
guarantee 
operation 
under "worst case" 
conditions. 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 
Min 
Max 
Mln 
Max 
Min 
Max 


fmax 
Toggle 
Frequency 
375 
375 
375 
MHz 
Figures 2and 3 


tpLH 
Propagation 
Delay 
0.80 
2.00 
0.80 
2.0 
0.90 
2.10 
ns 
Figures 
1 and 3 
tpHL 
CPa, CPb to Output 


tpLH 
Propagation 
Delay 
1.10 
2.30 
1.10 
2.30 
1.20 
2.40 
ns 
Figures 
1 and 4 
tpHL 
MR to Output 


tTLH 
Transition 
Time 
0.45 
1.80 
0.45 
1.70 
0.45 
1.80 
Figures 
1 and 3 
ns 


tTHL 
20% to 80%, 
80% to 20% 


• 


Commercial 
Version 
(Continued) 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 
(Continued) 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GNO 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Mln 
Max 


ts 
Setup Time 
FigureS 
00-05 
0.40 
0.40 
0.40 


MR (Release 
Time) 
1.60 
1.60 
1.60 
ns 
Figure 4 


th 
Hold Time 
1.00 
1.00 
1.00 
FigureS 
00-05 
ns 


tpw(H) 
Pulse Width HIGH 
2.00 
2.00 
2.00 
Figures 3and 4 


CPa, CPb, MR 
ns 


PCC and Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GNO 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 
Mln 
Max 
Min 
Max 
Mln 
Max 


fmax 
Toggle 
Frequency 
375 
375 
375 
MHz 
Figures 2 and 3 


tpLH 
Propagation 
Oelay 
0.80 
1.80 
0.80 
1.80 
0.90 
1.90 
ns 
Figures 
1 and 3 


tpHL 
CPa, CPb to Output 


tpLH 
Propagation 
Oelay 
1.10 
2.10 
1.10 
2.10 
1.20 
2.20 
ns 
Figures 
1 and 4 


tpHL 
MR to Output 


tTLH 
Transition 
Time 
0.45 
1.70 
0.45 
1.60 
0.45 
1.70 
Figures 
1 and 3 


tTHL 
20% to 80%, 80% to 20% 
ns 


ts 
Setup Time 
FigureS 
00-05 
0.30 
0.30 
0.30 
MR (Release 
Time) 
1.50 
1.50 
1.50 
ns 
Figure 4 


th 
Hold Time 
0.90 
0.90 
0.90 
FigureS 
00-05 
ns 


tpw(H) 
Pulse Width HIGH 
2.00 
2.00 
2.00 
Figures 3and 4 
CPa, CPb, MR 
ns 


tS,G-G 
Skew, Gate-to-Gate 
TBO 
TBO 
TBO 
ps 
(PCConly) 


(Note 1) 


Note 1: Gate-to-gate skew is defined as the difference in propagation delays between each of the outputs, 


Military Version-Preliminary 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GNO, Tc = - 55'C 
to + 125'C 


Symbol 
Parameter 
Min 
Max 
Units 
Tc 
Conditions 
Notes 


VOH 
Output 
HIGH Voltage 
-1025 
-870 
mV 
O'Cto 
+ 125'C 


-1085 
-870 
mV 
-55'C 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
O'Cto 
orVIL 
(Min) 
50nto 
-2.0V 
1,2,3 


-1830 
-1620 
mV 
+ 125'C 


-1830 
-1555 
mV 
-55'C 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
O'Cto 
+ 125'C 


-1085 
mV 
-55'C 
VIN = VIH (Min) 
Loading 
with 
1,2,3 


VOLC 
Output 
LOW Voltage 
O'Cto 
orVIL(Max) 
50nto 
-2.0V 


-1610 
mV 
+ 125'C 


-1555 
mV 
-55'C 


Military Version-Preliminary 
(Continued) 


DC Electrical Characteristics 
(Continued) 


VEE = 
-4.2V 
to -5.7V, 
Vee = VeeA = GNO, Te = 
-55"C 
to + 125"C 


Symbol 
Parameter 
Mln 
Max 
Units 
Tc 
Conditions 
Notes 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
-55"Cto 
Guaranteed 
HIGH Signal 
1,2,3,4 
+ 125"C 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 
-55"Cto 
Guaranteed 
LOW Signal 
1,2,3,4 
+ 125"C 
for All Inputs 


IlL 
Input LOW Current 
0.50 
JJ-A 
-55"Cto 
VEE = -4.2V 
1,2,3 
+125"C 
VIN = VIL (Min) 


IIH 
Input HIGH Current 
MR 
300 
O"Cto 
Do-Os 
250 
JJ-A 
+ 125"C 
CPa, CPb 
520 
VEE = -5.7V 
1,2,3 


MR 
450 
VIN = VIH (Max) 


Do-Os 
350 
JJ-A 
-55"C 


CPa, CPb 
750 


lEE 
Power Supply Current 
-146 
-96 
mA 
-55"Cto 
Inputs Open 
1,2,3 
+ 125"C 


Note 
1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals - 55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered 
a worst case condition at cold temperatures. 


Note 2: Screentested 100% on eachdeviceat -SS'C, 
+2S'C, 
and + 12S'C, SubgroupsI, 2, 3, 7, and 8. 


Note 3: Sampletested (Method5005, TableI) on each manufacturedlot at - SS'C, + 2S'C, and + 12S'C, SubgroupsA1, 2, 3, 7, and 8. 


Note 
4: Guaranteed 
by applying specified 
input condition and testing VOH/VOL- 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -5.7V, 
Vee = VeeA = GNO 


Symbol 
Parameter 
Tc = -55"C 
Tc = +25"C 
Tc = +125"C 
Units 
Conditions 
Notes 


Mln 
Max 
Mln 
Max 
Mln 
Max 


fmax 
Toggle 
Frequency 
375 
375 
375 
MHz 
Figures 2 and 3 
4 


tpLH 
Propagation 
Delay 
0.80 
2.20 
0.80 
2.20 
0.90 
2.40 
ns 
Figures 
1 and 3 
tpHL 
CPa. CPb to Output 
1,2,3 
tpLH 
Propagation 
Delay 
1.20 
2.90 
1.30 
3.00 
1.20 
3.10 
ns 
Figures 
1 and 4 
tpHL 
MR to Output 


tTLH 
Transition 
Time 
0.45 
1.80 
0.45 
1.70 
0.45 
1.80 
Figures 
1 and 3 
tTHL 
20% to 80%, 
80% to 20% 
ns 


ts 
Setup Time 
FigureS 
Do-Os 
0.70 
0.70 
0.70 


MR (Release 
Time) 
2.30 
2.30 
2.60 
ns 
Figure 4 
4 


th 
Hold Time 
0.70 
0.70 
0.70 
FigureS 


Do-Os 


ns 


tpw(H) 
Pulse Width HIGH 
2.00 
2.00 
2.00 
Figures 
3 and 4 
CPa, CPb, MR 
ns 
• 
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VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND 


Symbol 
Parameter 
Tc = -55°C 
TC = +25°C 
Tc = + 125°C 
Units 
Conditions 
Notes 


Min 
Max 
Min 
Max 
Mln 
Max 


Imax 
Toggle 
Frequency 
375 
375 
375 
MHz 
Figures 2 and 3 
4 


tpLH 
Propagation 
Delay 
0.80 
2.00 
0.80 
2.00 
0.90 
2.20 
ns 
Figures 
1 and 3 
tpHL 
CPa, CPb to Output 
1,2,3 
tpLH 
Propagation 
Delay 
1.20 
2.70 
1.30 
2.80 
1.20 
2.90 
ns 
Figures 
1 and 4 
tpHL 
MR to Output 


tTLH 
Transition 
Time 
0.45 
1.70 
0.45 
1.60 
0.45 
1.70 
Figures 
1 and 3 
ns 


tTHL 
20% to 80%, 
80% to 20% 


ts 
Setup Time 
Figure 5 
Do-Os 
0.60 
0.60 
0.60 


MR (Release 
Time) 
2.20 
2.20 
2.50 
ns 
Figure 4 
4 


th 
Hold Time 
0.60 
0.60 
0.60 
Figure 5 
Do-Os 


ns 


tpw(H) 


Pulse Width 
HIGH 
2.00 
2.00 
2.00 
Figures 
3 and 4 


CPa, CPb, MR 
ns 


Note 
1: FlOOK 300 
Series 
cold temperature 
testing 
is performed 
by temperature 
soaking 
(to guarantee 
junction 
temperature 
equals 
-55°C), 
then testing 
immediately 
without 
allowing 
for the junction 
temperature 
to stabilize 
due to heat dissipation 
after power-up. 
This provides 
"cold 
start" 
specs which 
can be 
considered 
a worst case condition at cold temperatures. 


Note 2: Screen tested 100% 
on each device at +25°C, Temperature 
only, Subgroup A9. 
Note 3: Sampletested (MethodSODS,Table 1) on each Mfg.lot at + 2S·C,SubgroupAS,and at + 12S·C,and - SS·CTemperature,SubgroupsA10 andAll. 


Note 4: Not tested at +25°C, + 125°C and - 55°C Temperature 
(design characterization 
data). 


Test Circuitry 
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PULSE I 
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L1r 
I 
SCOPE I 
GENERATORI r 


Vlc 
\ I 
I 
CHANA 
I 
RT 
Notes: 
- MR 
a :=l 


Vcc, YCCA~ +2V, YEE= -2.SY 
- 
CP 
L2 
":" 
L1 and L2 = equal length 500. impedance 
lines 
I 
PULSE I ,-\ 


0 
a 
~\ 
I 
SCOPE I 


AT = 500. terminator 
internal to scope 
GENERATORI 
\ I 
\ , 
I 
CHAN8 
I 
1 


Decoupling 
0.1 J.LFfrom GND to Vcc and VEE 
500 
I 
RT 
All unused outputs are loaded with 500. to GND 


VEE 
CL = Fixture and stray capacitance 
~ 3 pF 


-=- 
-=- 
TLI" ~88S-S 


FIGURE 
1. AC Test 
Circuit 


L1 
1-' 
I SCOPE 
\ , 
I CHAN A 


Vcc 
1 
Rr 
Notes: 


50 n 
f 
Ycc. YCCA~ +2V, VEE~ -2.SV 


~ 
L 
I 


~2 


L1 and L2 = equal length 500. impedance 
lines 
-= 
.E- 
AT = 500. terminator 
internal to scope 
I 
PULSE I 1-' 
CP 
CIRCUIT 0,-, 
I SCOPE 
Decoupting 0.1 J.LFfrom GND to Vcc and VEE 


GENERATORIr 
UNDER 
\ , 
ICHAN 8 
All unused outputs are loaded with 500. to GND 
TEST 1 


Rr 
Cl 
= Jig and stray capacitance 
s; 3 pF 


I 
VEE 
-= -= 
TL/F/9885-6 


FIGURE 
2. Toggle 
Frequency 
Test 
Circuit 
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Notes: 


ts is the minimum time before the transition of the clock that information 
must be present at the data input. 


th is the minimum time after the transition of the clock that information 
must remain unchanged 
at the data input. 


FIGURE 
5. Setup 
and Hold Time 


~National 
~ 
Semiconductor 


F100352 
Low Power 8-Bit Buffer with Cut-Off Drivers 


General Description 


The F100352 
contains 
an a-bit buffer, 
individual 
inputs (On), 
outputs 
(an), 
and a data output 
enable 
pin (DEN). 
A a out- 
put follows 
its 0 input when the OEN pin is lOW. 
A HIGH on 
OEN holds the outputs 
in a cut-off 
state. The cut-off 
state is 
designed 
to be more negative 
than a normal 
ECl 
lOW 
lev- 
el. This allows 
the output 
emitter-followers 
to turn off when 
the termination 
supply 
is -2.0V, 
presenting 
a high imped- 
ance to the data bus. This high impedance 
reduces 
termina- 
tion 
power 
and 
prevents 
loss 
of 
low 
state 
noise 
margin 
when 
several 
loads share the bus. 


The F100352 
outputs 
are designed 
to drive a doubly 
termi- 
nated 
500 
transmission 
line (250 
load impedance). 
All in- 
puts have 50 kO pull-down 
resistors. 


Features 


• 
Cut-off 
drivers 


• 
Drives 
250 
load 


• 
low 
power 
operation 


• 
2000V 
ESO protection 


• 
Voltage 
compensated 
operating 
range 
-5.7V 


TlIF/l0248-1 


Connection 
Diagrams 


24·Pin DIP 
28·Pin PCC 


01 02 03 V[[S 04 05 06 
04 
1 
24 
03 
[!j] [Ql[!J lIDm [!) @) 


05 
2 
23 
O2 


06 
3 
22 
01 
°0 [j1J::- 
rn 07 


07 
4 
21 
DO 
VCCA [j]J::- 
m VCCA 


OEN 
5 
20 
NC 
VEE ~::- 
rn VCCA 


Vcc 
6 
19 
VEESIlID 
mvcc 
NC 
NC IiID 
~ 
VCCA 
VCCA 
7 
18 
VEE 
NC IIZJ 
~ 
OEN 


VCCA 
8 
17 
VCCA 
DO IiID 
1i§I~ 


07 
9 
16 
°0 
"''''''''''''''''''' 
°6 
10 
15 
01 
1iID~1l]]~~~~ 


05 
11 
14 
02 
01 O2 03 V[[S 0405 
06 


°4 
12 
13 
°3 
TL/F/l0248-4 


TlIF/l0248-2 


Ordering Code: 
See Section 
a 


Logic Symbol 


Pin Names 
Description 


00-07 
Data Inputs 


DEN 
Output 
Enable 
Input 
00-07 
Data Outputs 


NC 
No Connect 


24·Pin Quad Cerpak 


Do 
NC 
NC VEE VCCA 00 


~ 
OEN Vcc vCCA VCCA 07 


TlIF/l0248-3 


Inputs 
Outputs 


On 
OEN 
Qn 


L 
L 
L 


H 
L 
H 


X 
H 
Cutoff 


H ~ 
HIGH Voltage Level 
L ~ LOW Voltage Level 
Cutoff = Lower-than-LOW State 


X = Don't Care 


• 


Recommended Operating 
Conditions 


Case Temperature 
(Tc) 
Commercial 
Military 


Supply 
Voltage 
(VEE) 
Commercial 
Military 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired 
(Note 
1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors 
for 
availability 
and specifications. 


Storage 
Temperature 
(Tsm) 
-65'C 
to + 150'C 


Maximum 
Junction 
Temperature 
(TJ) 
Ceramic 
Plastic 


VEE Pin Potential 
to 
Ground 
Pin 


Input Voltage 
(DC) 


Output Current 
(DC Output 
HIGH) 


ESD (Note 2) 


O'Cto 
+85'C 
-55'C 
to + 125'C 


-5.7Vto 
-4.2V 
-5.7V 
to -4.2V 
+175'C 
+150'C 


-7.0Vto 
+0.5V 


VEEto 
+0.5V 


-100mA 


;;,2000V 


Commercial Version 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-870 
VIN = VIH (Max) 
Loading 
with 
mV 
Val 
Output 
LOW Voltage 
-1830 
-1705 
-1620 
orVll(Min) 
25fi 
to - 2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
VIN = VIH (Min) 
Loading 
with 
mV 
VOlC 
Output 
LOW Voltage 
-1610 
or Vil (Max) 
25fi 
to - 2.0V 


VOlZ 
Cut-Off 
LOW Voltage 
-1950 
mV 
VIN = VIH (Mln) or 
OEN = HIGH 
Vll(Max) 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


Vil 
Input LOW Voltage 
-1830 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


III 
Input LOW Current 
0.50 
IJ-A 
VIN = Vil (Min) 


IIH 
Input HIGH Current 
240 
IJ-A 
VIN = VIH (Max) 


lEE 
Power Supply Current 
Inputs Open 
-138 
-70 
mA 
VEE = -4.2Vto 
-4.8V 
-143 
-70 
VEE = -4.2Vto 
-5.7V 


Note 
1: Absolute 
maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional 
operation 
under these 


conditions 
is not implied. 


Nole 2: ESD testing conforms 
to Mll-STD·883. 
Method 3015. 


Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature 
extremes, additional 
noise 
immunity 
and guardbanding 
can be achieved 
by decreasing 
the allowable 
system operating 
ranges. Conditions 
for testing shown 
in the tables are chosen 
to 
guarantee 
operation 
under "worst 
case" conditions. 


Commercial 
Version 
(Continued) 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -5.7V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O"C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 


Mln 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.70 
2.00 
0.70 
2.00 
0.70 
2.20 
ns 
Figures 
1,2 


tpHL 
Dn to Output 
(Note 1) 


tpZH 
Propagation 
Delay 
1.60 
4.20 
1.60 
4.20 
1.60 
4.20 
Figures 
1,2 


tpHZ 
OEN to Output 
1.00 
2.70 
1.00 
2.70 
1.00 
2.70 
ns 
(Note 1) 


tTLH 
Transition 
Time 
0.45 
2.00 
0.45 
2.00 
0.45 
2.00 
Figures 
1,2 
ns 


tTHL 
20% to 80%, 80% to 20% 


PCC and Cerpak AC Electrical Characteristics 
VEE = 4.2V to -5.7V, 
Vee = VCCA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
TC = +85'C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.70 
1.80 
0.70 
1.80 
0.70 
2.00 
ns 
Figures 1,2 


tpHL 
DntoOutput 
(Note 2) 


tpZH 
Propagation 
Delay 
1.60 
4.00 
1.60 
4.00 
1.60 
4.00 
Figures 
1,2 


tpHZ 
0Efii to Output 
1.00 
2.50 
1.00 
2.50 
1.00 
2.50 
ns 
(Note 2) 


tTLH 
Transition 
Time 
0.45 
1.90 
0.45 
1.90 
0.45 
1.90 
Figures 
1,2 


tTHL 
20% to 80%, 
80% to 20% 
ns 


tS,G-G 
Skew, Gate to Gate 
TBD 
TBD 
TBD 
PCCOnly 
ps 
(Note 1) 


Note 1: Gate to gate skew is defined as the difference 
in propagation 
delays between 
each of the outputs. 


Note 
2: The propagation 
delay specified 
is for single output switching. 
Delays may vary up to 300 ps with 
multiple outputs switching. 


• 


VEE = 
-4.2V 
to -5.7V, 
VCC = 
VCCA = 
GND, Tc = 
-55'C 
to + 125'C 


Symbol 
Parameter 
Min 
Max 
Units 
Tc 
Conditions 
Notes 


VOH 
Output 
HIGH Voltage 
-1025 
-870 
mV 
O'C to + 125'C 


-1085 
-870 
mV 
-55'C 
VIN = VIH(Max) 
Loading 
with 
1,2,3 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
mV 
O'C to + 125°C 
orVIL(Min) 
250. to - 2.0V 


-1830 
-1555 
mV 
-55'C 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
O'C to + 125'C 


-1085 
mV 
-55'C 
VIN = VIH(Min) 
Loading 
with 
1,2,3 
VOLC 
Output 
LOW Voltage 
-1610 
mV 
O'C to + 125'C 
OrVIL(Max) 
250. to - 2.0V 


-1555 
mV 
-55'C 


Vall 
Cut-Off 
LOW Voltage 
-1950 
mV 
O'C to + 125'C 
VIN = VIH(Min),or 
OEN=HIGH 
1,2,3 


-1850 
-55'C 
VIL(Max) 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
- 55°C to + 125'C 
Guaranteed 
HIGH signal 
1,2,3,4 
for All inputs 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 
- 55°C to + 125'C 
Guaranteed 
LOW signal 
1,2,3,4 
for All inputs 


IlL 
Input LOW Current 
0.50 
I-'A 
- 55°C to + 125°C 
VEE = 4.2V 
1,2,3 


VIN = VIL(Min) 


IIH 
Input HIGH Current 


240 
I-'A 
O°C to + 125'C 
VEE = 
-5.7V 
1,2,3 


340 
I-'A 
-55'C 
VIN = VIH(Max) 


lEE 
Power Supply Current 
Inputs Open 


-145 
-55 
mA 
- 55'C to + 125'C 
VEE = 
-4.2Vto 
-4.8V 
1,2,3 
-150 
VEE = 
-4.2Vto 
-5.7V 


Note 
1: F100K 300 series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55·C), 
then testing 


immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "..•-old start" specs which can be 
considered a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at -55·C, 
+2SoC, and + 125°C, Subgroups 1,2, 3, 7, and 8. 


Note 3: Sampletested (Method5005. TableI) on each manufacturedlot at - 55'C. + 25'C. and + 125'C. SubgroupsA1. 2. 3. 7. and e. 


Note 4: Guaranteed by applying specified input condition and testing VOH/VOL. 


Military Version-Preliminary 
(Continued) 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE= -4.2V 
to -5.7V, Vce = VeeA = GND 


Symbol 
Parameter 
Tc = -55°C 
Tc = +25°C 
Tc + 125°C 
Units 
Conditions 
Notes 


Min 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.30 
2.60 
0.50 
2.40 
0.50 
2.70 
ns 
Figures 1,2 
1,2,3,5 


tpHL 
Dn to Output 


tpZH 
Propagation 
Delay 
1.20 
5.00 
1.40 
4.20 
1.20 
4.30 
Figures 1,2 
1,2,3,5 
OEN to Output 
0.70 
3.00 
0.70 
2.80 
0.70 
3.20 
ns 


tpHZ 


tTLH 
Transition 
Time 
0.40 
2.50 
0.40 
2.40 
0.40 
2.70 
Figures 1,2 
4 
ns 


tTHL 
20% to 80%, 80% to 20% 


Cerpak AC Electrical Characteristics 
VEE= -4.2V 
to -5.7V, Vec = VCCA= GND 


Symbol 
Parameter 
Tc = -55°C 
Tc = +25°C 
Tc + 125°C 
Units 
Conditions 
Notes 


Min 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.30 
2.60 
0.50 
2.40 
0.50 
2.70 
ns 
Figures 1,2 
1,2,3,5 


tpHL 
Dn to Output 


tpZH 
Propagation 
Delay 
1.20 
5.00 
1.40 
4.20 
1.20 
4.30 
Figures 1,2 
1,2,3,5 
tpHZ 
OEN to Output 
0.70 
3.00 
0.70 
2.80 
0.70 
3.20 
ns 


tTLH 
Transition 
Time 
0.40 
2.50 
0.40 
2.40 
0.40 
2.70 
Figures 1,2 
4 
tTHL 
20% to 80%, 80% to 20% 
ns 


Note 
1: F100K 
300 
Series 
cold temperature 
testing 
is performed 
by temperature 
soaking 
(to guarantee 
junction 
temperature 
equals 
-55·C), 
then 
testing 
immediately 
after power-up. 
This provides 
"cold start" specs which can be considered 
a worst case condition at cold temperatures. 


Note 
2: Screen 
tested 
100% 
on each device at + 25°C temperature 
only, Subgroup A9. 


Note 
3: Sample 
tested (Method 
5005. Table 
I) on each manufactured 
lot at + 25°C, Subgroup A9, and at + 125°C and -55°C 
temperatures, 
Subgroups 
AtO and 


AlL 


Note 
4: Not tested at + 25°C, + 125°C, and - 55°C temperature 
(design characterization 
data). 


Note 
5: The propagation 
delay specified is for single output switching. 
Delays may vary up to 300 ps with multiple outputs switching. 


Notes: 
Vcc, VCCA ~ 
+2V, 
VEE ~ 
-2.5V 
L1 and L2 ~ 
equal length 50n 
impedance 
lines 
Rr = 50n 
terminator 
internal 
to scope 


Decoupling 
0.' I'F from GND to Vcc and VEE 


All unused outputs are loaded with 50n 
to GND 


CL = Fixture and stray capacitance 
:s: 3 pF 


,, 
..L 
,, 
..L 


,,1 


OEN 


D 
Q 


V 
IO,lJ1.F 
EE 


DATA 
~ 
,.,x 
X 
X 
~~ 
---..J '-- 


tTHL 
tTLH 
-r--\ 


I 
I 


I 
I 
I 
I 


X 
i~ :t 


I 
I 
I 
I 


~ :- --: 
~ 
tpHZ 
tpZH 
-----,.,¥.._--- 


I 
I 
l-tpO-: 


~National 
~ 
Semiconductor 


F100353 
Low Power a-Bit Register 


General Description 


The F100353 
contains 
eight D-type edge triggered, 
master/ 
slave flip-flops 
with individual 
inputs 
(On), true outputs 
(an), 


a clock 
input (CP), and a common 
clock 
enable 
pin (CEN). 
Data enters 
the master 
when 
CP is LOW and transfers 
to 
the slave when 
CP goes 
HIGH. When 
the CEN input goes 
HIGH 
it overrides 
all other 
inputs, 
disables 
the clock, 
and 
the a outputs 
maintain 
the last state. 


The F100353 
output 
drivers 
are designed 
to drive son 
ter- 
mination 
to 
-2.0V. 
All inputs 
have 50 kn 
pull-down 
resis- 
tors. 


Features 


• 
Low power 
operation 


• 
2000V 
ESD protection 


• 
Voltage 
compensated 
operating 
range 
-5.7V 


Pin Names 
Description 


00-07 
Data Inputs 


CEN 
Clock Enable 
Input 


CP 
Clock Input (Active 
Rising Edge) 
00-07 
Data Outputs 


NC 
No Connect 


Connection 
Diagrams 


24·Pin 
DIP 
28·Pin 
PCC 
24·Pin 
Quad Cerpak 


0, 02 03 vEES0. Os 06 
00 CEN 
CP 
VEE VCCA 00 
0. 
1 
24 
°3 
[j]l!IDrnrnl1J[[)[§J 


Os 
2 
23 
°2 


°6 
3 
22 
0, 
00 I!1J 
m07 
0, 
°1 


07 
4 
21 
DO 
VCCA~ 
rn VCCA 
O2 
°2 
VEE Ii1I 
ill 
VCCA 
NC 
5 
20 
CEN 
VEESIIID 
ill 
Vcc 
03 
°3 


Vcc 
6 
19 
CP 
CP [ID 
@l VCCA 
O. 
0. 


VCCA 
7 
18 
VEE 
CEN Ii1J 
IllI NC 
Os 
5 
Os 


VCCA 
8 
17 
VCCA 
DO IiID 
~~ 
06 
6 
°6 


°7 
9 
16 
°0 
ij]]~IijJ~~~~ 
°6 
10 
15 
°1 
0, O2 03VEES O. 
Os 06 
~ 
NC VCCVCCAVCCA07 


Os 
11 
14 
°2 
TLIF/9BB2-3 
TLIF/9BB2-2 


04 
12 
13 
°3 


TL/F/9BB2-1 


°7 
Tl/F/9882-S 


Inputs 
Outputs 


On 
CEN 
CP 
an 


L 
L 
.../ 
L 


H 
L 
.../ 
H 
X 
X 
L 
NC 
X 
X 
H 
NC 
X 
H 
X 
NC 


H ~ HIGH Voltage level 
l 
~ 
lOW 
Voltage level 
X ~ Don't Care 
NC ~ No Change 
...r ~ lOW to HIGH Transition 


Absolute Maximum Ratings 
Recommended 
Operating 


Above 
which 
the useful 
life may be impared 
(Note 
1) 
Conditions 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
(Tc) 


please 
contact 
the 
National 
Semiconductor 
Sales 
Commercial 
O'Cto 
+85'C 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55'C to + 125'C 
Storage 
Temperature 
(TSTG) 
-65'C 
to + 150'C 
Supply 
Voltage 
(VEE) 
Maximum 
Junction 
Temperature 
(TJ) 
Commercial 
-5.7V 
to -4.2V 
Ceramic 
+ 175'C 
Military 
-5.7V 
to -4.2V 
Plastic 
+150'C 


VEE Pin Potential 
to Ground 
Pin 
-7.0Vto 
+0.5V 


Input Voltage 
(DC) 
VEEto 
+ 0.5V 


Output Current 
(DC Output 
HIGH) 
-50 
mA 


ESD (Note 2) 
22000V 


Commercial 
Version 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1705 
-1620 
mV 
orVIL 
(Min) 
50.11to - 2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
mV 
orVIL 
(Max) 
50.11to - 2.0V 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
Guaranteed 
HIGH Signal for all Inputs 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 
Guaranteed 
LOW Signal for all Inputs 


IlL 
Input LOW Current 
0.50 
IJ-A 
VIN = VIL (Min) 


IIH 
Input HIGH Current 
240 
IJ-A 
VIN = VIH(Max) 


lEE 
Power Supply Current 
Inputs Open 


-119 
-61 
mA 
VEE = -4.2V 
to -4.8V 


-122 
-61 
VEE = -4.2Vto 
-5.7V 


Note 
1: Absolute 
maximum ratings are those values beyond which the device may be damaged 
or have its uselullife 
impaired. 
Functional 
operation 
under these 
conditions 
is not implied. 


Nole 
2: ESOtestingconformsto MIL-STO-883.Method3015. 


Note 
3: The specified limits represent 
the "worst case" value for the parameter. 
Since these values normally occur at the temperature 
extremes, 
additional 
noise 
immunity and guardbanding 
can be achieved 
by decreasing 
the allowable 
system 
operating 
ranges. 
Conditions 
for testing shown 
in the tables 
are chosen 
to 
guarantee 
operation 
under "worst case" 
conditions. 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -5.7V, 
Vcc = VCCA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


fmax 
Toggle 
Frequency 
425 
425 
425 
MHz 
Figures 2, 3 


tpLH 
Propagation 
Delay 
1.40 
3.00 
1.40 
3.00 
1.50 
3.10 
ns 
Figures 
1,3 


tpHL 
CPtoOutput 
(Note 1) 


tTLH 
Transition 
Time 
0.45 
2.00 
0.45 
2.00 
0.45 
2.00 
Figures 
1,3 
tTHL 
20% to 80%, 
80% to 20% 
ns 


ts 
Setup Time 


Dn 
1.10 
1.10 
1.10 


CEN (Disable Time) 
0.40 
0.40 
0.40 
ns 
Figures 
1,4 


CEN (Release 
Time) 
1.10 
1.10 
1.10 


th 
Hold Time 


Dn 
0.10 
0.10 
0.10 
ns 
Figures 
1,5 


tpw(H) 
Pulse Width HIGH 


CP 
2.00 
2.00 
2.00 
ns 
Figures 
1,3 


Note 
1: The propagation 
delay specified 
is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 


Commercial 
Version 
(Continued) 


PCC and Cerpack AC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 
Min 
Max 
Min 
Max 
Min 
Max 


fmax 
Toggle 
Frequency 
425 
425 
425 
MHz 
Figures 2, 3 


tpLH 
Propagation 
Delay 
1.40 
2.80 
1.40 
2.80 
1.50 
2.90 
ns 
Figures 
1,3 


tpHL 
CPtoOutput 
(Note 2) 


tTLH 
Transition 
Time 
0.45 
1.90 
0.45 
1.90 
0.45 
1.90 
Figures 
1,3 
ns 
tTHL 
20% to 80%, 80% to 20% 


ts 
Setup Time 


On 
1.00 
1.00 
1.00 


CEN (Disable Time) 
0.30 
0.30 
0.30 
ns 
Figures 
1,4 


CEN (Release 
Time) 
1.00 
1.00 
1.00 


th 
Hold Time 
On 
0 
0 
0 
ns 
Figures 
1,5 


tpw(H) 
Puise Width HIGH 
CP 
2.00 
2.00 
2.00 
ns 
Figures 
1,3 


tS,G-G 
Skew, Gate to Gate 
TBD 
TBD 
TBD 
ps 
PCCOnly 


(Note 1) 


Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 


Note 
2: The propagation 
delay specified 
is for single output sWitching. Delays 
may vary up to 300 ps with multiple outputs sWitching. 


Military Version-Preliminary 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND, Tc = 
- 55'C 
to + 125'C 


Symbol 
Parameter 
Min 
Max 
Units 
Tc 
Conditions 
Notes 


VOH 
Output 
HIGH Voltage 
-1025 
-870 
mV 
O'Cto 


+125'C 


-1085 
-870 
mV 
-55'C 
VIN = VIH (Max) 
Loading 
with 
1,2,3 


VOL 
Output 
LOW Voltage 
O'Cto 
orVIL 
(Min) 
50nto 
-2.0V 


-1830 
-1620 
mV 
+ 125'C 


-1830 
-1555 
mV 
-55'C 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
O'Cto 


+ 125'C 


-1085 
mV 
-55'C 
VIN = VIH (Min) 
Loading 
with 


orVIL 
(Max) 
50nto 
-2.0V 
1,2,3 


VOLC 
Output 
LOW Voltage 
O'Cto 
-1610 
mV 


+ 125'C 


-1555 
mV 
-55'C 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
-55'Cto 
Guaranteed 
HIGH Signal for all Inputs 
1,2,3,4 
+125'C 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 
-55'Cto 
Guaranteed 
LOW Signal for all Inputs 
1,2,3,4 
+ 125'C 


IlL 
Input LOW Current 
0.50 
!-LA 
-55'C 
to 
VEE = -4.2V 
1,2,3 
+ 125'C 
VIN = VIL (Min) 


Military Version-Preliminary 
(Continued) 


DC Electrical Characteristics 
(Continued) 


VEE = 
-4.2V 
to -5.7V, 
Vee = VeeA = GND, Te = 
-55°C 
to +125°C 


Symbol 
Parameter 
Min 
Max 
Units 
Tc 
Conditions 
Notes 


IIH 
Input HIGH Current 
240 
fLA 
O°Cto 


+ 125°C 
VEE = -5.7V 
1,2,3 


VIN = VIH (Max) 
340 
fLA 
-55°C 


lEE 
Power Supply Current 
-55°C 
to 
Inputs Open 


-125 
-50 
mA 
+ 125°C 
VEE = -4.2V 
to -4.8V 
1,2,3 
-130 
VEE = -4.2Vto 
-5.7V 


Note 
1: FlOOK 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals 
-55°C), 
then testing 
immediately 
without 
allowing 
for the junction 
temperature 
to stabilize 
due to heat dissipation 
after 
power·up. 
This provides 
"cold 
start" 
specs 
which 
can be 
considered 
a worst case condition 
at cold temperatures. 


Note 2: Screen tested 100% on each device at - 55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 
Nol. 3: Sampletested (MethodSODS,TableI) on each manufacturedlot at -SS'C, +2S'C, and + 12SoC,SubgroupsA1. 2, 3, 7, and 8. 
Nol. 4: Guaranteedby applyingspecifiedinpul conditionand testingVOHIVOL. 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -5.7V, 
Vee = VeCA = GND 


Symbol 
Parameter 
Tc = -SsoC 
Tc = +2SoC 
Tc = + 12SoC 
Units 
Conditions 
Notes 
Mln 
Max 
Min 
Max 
Min 
Max 


Imax 
Toggle 
Frequency 
400 
400 
400 
MHz 
Figures2, 
3 
4 


tpLH 
Propagation 
Delay 
0.70 
3.30 
0.80 
3.10 
0.80 
3.80 
ns 
1,2,3,5 
tpHL 
CPtoOutput 
Figures 1,3 


tTLH 
Transition 
Time 
0.40 
2.50 
0.40 
2.40 
0.40 
2.70 
4 


tTHL 
20% to 80%, 
80% to 20% 
ns 


ts 
Setup Time 


On 
0.60 
0.60 
0.60 


CEN (Disable 
Time) 
0.90 
0.70 
0.90 
ns 
Figures 1,4 
4 


CEN (Release 
Time) 
1.40 
1.40 
2.10 


th 
Hold Time 
On 
0.30 
0.30 
0.30 
ns 
Figures 
1,5 
4 


tpw(H) 
Pulse Width HIGH 
CP 
2.00 
2.00 
2.00 
ns 
Figures 1,3 
4 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = -SsoC 
Tc = +2SoC 
Tc = +12SoC 
Units 
Conditions 
Notes 
Min 
Max 
Min 
Max 
Mln 
Max 


Imax 
Toggle 
Frequency 
425 
425 
425 
MHz 
Figures 2, 3 
4 


tpLH 
Propagation 
Delay 
1.30 
3.20 
1.30 
3.20 
1.40 
3.30 
ns 
1,2,3,5 
tpHL 
CP to Output 


Figures 1,3 


tTLH 
Transition 
Time 
0.45 
2.00 
0.45 
2.00 
0.45 
2.00 
4 
tTHL 
20% to 80%, 80% to 20% 
ns 


ts 
Setup Time 


On 
1.30 
1.30 
1.30 


CEN (Disable 
Time) 
0.60 
0.60 
0.60 
ns 
Figures 
1,4 
4 
CEN (Release 
Time) 
1.30 
1.30 
1.30 


th 
Hold Time 
On 
0.30 
0.30 
0.30 
ns 
Figures 1,5 
4 


tpw(H) 
Pulse Width HIGH 
CP 
2.00 
2.00 
2.00 
ns 
Figures 1,3 
4 


Note 
1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), 
then testing 
immediately 
after power-up. 
This provides 
"cold start" specs which can be considered 
a worst case condition 
at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25"C temperature only, Subgroup AS. 
Nole 3: Samplelested (MethodSODS,TableI)on eachmanufacturedlot at +2S'C. SubgroupA9,andat + 12S'Cand -SS'C, temperatures,SubgroupsAl0 and 
All. 


Note 4: Not tested at + 2S"C, + 125°C, and - 55"C temperature (design characterization data). 


Note 5: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Q 
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RT 


VEE I 
0.1).1' 
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- 
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Notes: 


Vcc. VeeA = 
+2V. 
VEE - 
-2.5V 
11 and L2 ~ equal length 500 
impedance 
lines 
Rr = son terminator 
internal 
to scope 
Decoupling 
0.1 I'F from GND to Vcc and VEE 


All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance 
:'5:: 3 pF 


L1 
, , 
..L 


Vcc 


0.1 ).I' 


CIRCUIT 
L2 
CP 
UNDER 
, , 
TEST 
' , 
1 
1 


RT 
- 
VEE IO•1).1' 
-= - 


Noles: 
FIGURE 
2. Toggle 
Frequency 
Test Circuit 


vee. VCCA ~ 
+2V. 
VEE ~ 
-2.5V 


L1 and L2 = equal length son impedance 
lines 
AT = son terminator 
internal to scope 
Decoupling 
0.1 I'F from GND to Vcc and VEE 


All unused outputs are loaded with son to GND 
CL = Jig and stray capacitance 
~ 3 pF 
__I 


~---::::- 
+1.05V 


-----X 
~ 
=:,kt=- th---l 
+0.31V 


r::..-------+1.05V 
___ 
,.,(50'; 


FIGURE 
5. Data Setup 
and Hold Time 


Note 
1: ts is the minimum time before the transition of the clock that information 
must be present at the data input. 


Note 2: ~ is the minimum time after the transition of the clock that information 
must remain unchanged 
at the data input. 


• 


~National 
~ 
Semiconductor 


F100354 
Low Power 8-Bit Register with Cut-Off Drivers 


General Description 


The 
F100354 
contains 
eight 
D-Type 
edge 
triggered, 
mas- 
ter/slave 
flip-flops 
with 
individual 
inputs 
(On), true 
outputs 


(an), 
a clock 
input (CP), an output 
enable 
pin (OEN), and a 


common 
clock 
enable 
pin (CEN). 
Data 
enters 
the 
master 


when 
CP is lOW 
and transfers 
to the slave when 
CP goes 
HIGH. When the CEN input goes HIGH it overrides 
all other 


inputs, 
disables 
the clock, 
and the a 
outputs 
maintain 
the 


last state. 


A a output 
follows 
its 0 input when the OEN pin is lOW. 
A 
HIGH on OEN holds the outputs 
in a cut-off 
state. The cut- 


off state is designed 
to be more negative 
than a normal 
ECl 
lOW 
level. This allows 
the output 
emitter-followers 
to turn 
off when the termination 
supply is -2.0V, 
presenting 
a high 


impedance 
to the data 
bus. This 
high impedance 
reduces 


termination 
power and prevents 
loss of low state noise mar- 


gin when 
several 
loads share the bus. 


The F100354 
outputs 
are designed 
to drive a doubly 
termi- 


nated 
50D. transmission 
line (25D. load impedance). 
All in- 


puts have 50 kD. pull-down 
resistors. 


Features 


• 
Cut-off 
drivers 


• 
Drives 
25D. load 


• 
low 
power 
operation 


• 
2000V 
ESD protection 
• 
Voltage 
compensated 
operating 
range 
-5.7V 


Pin Names 
Description 


00-07 
Data Inputs 


'CEi\j 
Clock Enable 
Input 


CP 
Clock Input 
(Active 
Rising Edge) 


OEN 
Output 
Enable 
Input 
00-07 
Data Outputs 


TLiF/10610-1 


Connection 
Diagrams 


24·Pln DIP 
24-Pln Quad Cerpak 
28·Pin PCC 


00 CEN CP VEEvCCA00 
0, 02 03 VEES0, ~ 
06 


0, 
1 
24 
03 
ITII ffgj (~)[!J !1J [§] rn 


Os 
2 
23 
O2 


06 
3 
22 
0, 
0, 
°1 
°0 fj1] 
m07 


~ 
4 
21 
DO 
O2 
°2 
VCCA[j]] 
rn VCCA 


VEEIBJ 
m VCCA 


OEN 
5 
20 
CEN 
03 
°3 
VEESIi]] 
mvCC 


Vcc 
6 
19 
CP 
0, 
0, 
CP [j]] 
@I VCCA 


VCCA 
7 
18 
VEE 
Os 
Os 
CENlIZJ 
IW OEN 


VCCA 
8 
17 
VCCA 
06 
°6 
DO [j]] 
~~ 


°7 
9 
16 
°0 
111111111111111111111, 
[j]]1iiiI1iiJ~~~§ 
°6 
10 
15 
0, 
~OEN 
VCCVCCAVCCA07 
D, ~ 
~VEESD, 
IJs De 


Os 
11 
14 
°2 
TL/F/l0610-3 
TLIF/10610-4 


0, 
12 
13 
°3 


TLiF/l0610-2 


Absolute Maximum Ratings 
Recommended 
Operating 


Above 
which 
the useful 
life may be impaired. 
(Note 
1) 
Conditions 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
(Tel 
please 
contact 
the 
National 
Semiconductor 
Sales 
Commercial 
O'Cto 
+ 85'C 
Office/Distributors 
for availability 
and specifications. 
Military 
-55'C 
to + 125'C 
Storage 
Temperature 
(TSTG) 
- 65'C to + 150'C 
Supply 
Voltage 
(VEE) 
Maximum 
Junction 
Temperature 
(TJ) 
Commercial 
-5.7Vto 
-4.2V 
Ceramic 
+175'C 
Military 
-5.7V 
to -4.2V 
Plastic 
+ 150'C 


VEE Pin Potential 
to Ground 
Pin 
-7.0V 
to + 0.5V 


Input Voltage 
(DC) 
VEEto 
+0.5V 


Output Current 
(DC Output 
HIGH) 
-100mA 


ESD (Note 2) 
;,,2000V 


Commercial 
Version 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
Vcc 
= 
VCCA = 
GND, Tc 
= 
O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-870 
mV 
VIN =VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1705 
-1620 
orVIL 
(Min) 
250 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
OrVIL(Max) 
250 
to -2.0V 


VOLZ 
Cutoff 
LOW Voltage 
-1950 
mV 
VIN = VIH (Min) 
DEN = HIGH 
orVIL 
(Max) 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
Guaranteed 
HIGH Signal 


for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 
Guaranteed 
LOW Signal 


for All Inputs 


IlL 
Input LOW Current 
0.50 
I'-A 
VIN = VIL (Min) 


IIH 
Input HIGH Current 
240 
I'-A 
VIN = VIH (Max) 


lEE 
Power Supply Current 
Inputs Open 


-202 
-105 
mA 
VEE = 
-4.2V 
to -4.8V 


-209 
-105 
VEE = 
-4.2V 
to -5.7V 


Note 
1: Absolute 
maximum 
ratings afe those values 
beyond 
which the device 
may be damaged 
or have its useful life impaired. 
Functional 
operation 
under these 


conditions 
is not implied. 


Nole 
2: ESOtestingconforms10 MIL·STO·883.Method3015. 


Note 
3: The specified 
limits represent 
the "worst case" 
value for the parameter. 
Since these values 
normally occur at the temperature 
extremes, 
additional 
noise 


immunity 
and guard banding 
can be achieved 
by decreasing 
the allowable 
system 
operating 
ranges. 
Conditions 
for testing 
shown 
in the tables 
are chosen 
to 
guarantee 
operation 
under 
"worst 
case" 
conditions. 


Commercial 
Version 
(Continued) 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = -4.2V 
to -5.7V, Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 


Mln 
Max 
Min 
Max 
Min 
Max 


fMax 
Toggle 
Frequency 
250 
250 
250 
MHz 
Figures 
1 and 4 


tpLH 
Propagation 
Delay 
1.40 
3.00 
1.40 
3.00 
1.50 
3.10 
ns 
Figures 
1 and 4 


tpHL 
CP to Output 
(Note 1) 


tpZH 
Propagation 
Delay 
1.60 
4.20 
1.60 
4.20 
1.60 
4.20 
Figures 3 and 7 


OEN to Output 
1.00 
2.70 
1.00 
2.70 
1.00 
2.70 
ns 
(Note 1) 
tpHZ 


tTLH 
Transition 
Time 
0.45 
2.00 
0.45 
2.00 
0.45 
2.00 
Figures 
1 and 4 
tTHL 
20% to 80%, 80% to 20% 
ns 


ts 
Setup Time 


Dn 
1.10 
1.10 
1.10 


CEN (Disable Time) 
0.40 
0.40 
0.40 
ns 
Figures 2 and 5 


CEN (Release 
Time) 
1.10 
1.10 
1.10 


th 
Hold Time 


Dn 
0.10 
0.10 
0.10 
ns 
Figures 
1 and 6 


tpw(H) 
Pulse Width High 


CP 
2.00 
2.00 
2.00 
ns 
Figures 
1 and 4 


Note 
1: The propagation 
delay specified 
is for single output switching. 
Delays 
may vary up to 300 ps with multiple outputs 
switching. 


PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V 
to -5.7V, Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 


Min 
Max 
Mln 
Max 
Min 
Max 


fMax 
Toggle 
Frequency 
250 
250 
250 
MHz 
Figures 
1 and 4 


tpLH 
Propagation 
Delay 
1.40 
2.80 
1.40 
2.80 
1.50 
2.90 
ns 
Figures 
1 and 4 


tpHL 
CPtoOutput 
(Note 2) 


tpZH 
Propagation 
Delay 
1.60 
4.00 
1.60 
4.00 
1.60 
4.00 
ns 
Figures 
3 and 7 


tpHZ 
OEN to Output 
1.00 
2.50 
1.00 
2.50 
1.00 
2.50 
(Note 2) 


tTLH 
Transition 
Time 
0.45 
1.90 
0.45 
1.90 
0.45 
1.90 
Figures 
1 and 4 
tTHL 
20% to 80%, 80% to 20% 
ns 


ts 
Setup Time 


Dn 
1.00 
1.00 
1.00 


CEN (Disable 
Time) 
0.30 
0.30 
0.30 
ns 
Figures 2 and 5 


CEN (Release 
Time) 
1.00 
1.00 
1.00 


th 
Hold Time 


Dn 
0.00 
0.00 
0.00 
ns 
Figures 
1 and 6 


tpw(H) 
Pulse Width High 


CP 
2.00 
2.00 
2.00 
ns 
Figures 
1 and 4 


ts,G-G 
Skew, Gate to Gate 
TBD 
TBD 
TBD 
ps 
PCC Only (Note 1) 


Note 1: Gata to gate skew is defined as the difference in propagation delays between each of the outputs. 


Note 
2: The propagation 
delay specified 
is for single output switching. 
Delays 
may vary up to 300 ps with multiple outputs 
sWitching. 


Military Version-Preliminary 


DC Electrical Characteristics 
VEE = -4.2V 
to -5.7V, 
VCC = VCCA = GND, Tc = 
-55'C 
to + 125'C 


Symbol 
Parameter 
Mln 
Max 
Units 
Tc 
Conditions 
Notes 


VOH 
Output 
HIGH Voltage 
-1025 
-870 
mV 
O'C to + 125'C 


-1085 
-870 
mV 
-55'C 
VIN = VIH (Max) 
Loading 
with 
1,2,3 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
mV 
O'C to + 125'C 
OrVIL(Min) 
250 
to -2.0V 


-1830 
-1555 
mV 
-55'C 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
O'C to + 125'C 


-1085 
mV 
-55'C 
VIN = VIH (Min) 
Loading 
with 
1,2,3 


VOLC 
Output 
LOW Voltage 
-1610 
mV 
O'C to + 125'C 
orVIL 
(Max) 
250 
to -2.0V 


-1555 
mV 
-55'C 


VOLZ 
Cutoff 
LOW Voltage 
-1950 
mV 
O'C to + 125'C 
VIN = VIH (Min) 
OEN = HIGH 
1,2,3 


-1850 
-55'C 
orVIL(Max) 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
- 55'C to + 125'C 
Guaranteed 
HIGH Signal 
1,2,3,4 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 
- 55'C to + 125'C 
Guaranteed 
LOW Signal 
1,2,3,4 
for All Inputs 


IlL 
Input LOW Current 
0.50 
/LA 
-55'C 
to + 125' 
VEE = -4.2V 
1,2,3 
VIN = VIL (Min) 


IIH 
Input HIGH Current 
240 
/LA 
O'C to + 125'C 
VEE = -5.7V 
1,2,3 
340 
/LA 
-55'C 
VIN = VIH (Max) 


lEE 
Power Supply Current 
-55'C 
to 
Inputs Open 


-215 
-85 
mA 
+125'C 
VEE = -4.2Vto 
-4.8V 
1,2,3 
-225 
-85 
VEE = -4.2Vto 
-5.7V 


Note 
1: FlOOK 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals 
-55°C), 
then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered 
a worst case condition 
at cold temperatures. 


Note 2: Screen tested 100% on each device at -55°C, 
+25°C, 
and + 125°C, Subgroups 1, 2, 3, 7, and 8. 


Nole 
3: Sampietested (MethodSODS,TableI) on each manufacturedlot at -SS'C, 
+2S'C, 
and + 12S'C. SubgroupsA1, 2, 3, 7, and 8. 


Note 4: Guaranteed by applying specified input condition and testing VOH/VOL. 


Military Version-Preliminary 
(Continued) 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -5.7V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = -55°C 
Tc = +25°C 
Tc = +125°C 
Units 
Conditions 
Notes 
Mln 
Max 
Mln 
Max 
Mln 
Max 


lMax 
Toggle 
Frequency 
200 
250 
200 
MHz 
Figures 
1 and 4 
4 


tpLH 
Propagation 
Delay 
0.9 
3.70 
1.0 
3.20 
1.20 
3.90 
ns 
Figures 
1 and 4 
1,2,3,5 


tpHL 
CP to Output 


tpZH 
Propagation 
Delay 
1.20 
5.0 
1.60 
4.20 
1.40 
4.30 
Figures 
3 and 7 
1,2,3,5 


OEN to Output 
3.0 
0.70 
2.80 
0.70 
3.20 
ns 


tpHZ 
0.70 


tTLH 
Transition 
Time 
0.40 
2.50 
0.40 
2.40 
0.40 
2.70 
Figures 
1 and 4 
4 
ns 


tTHL 
20% to 80%, 80% to 20% 


ts 
Setup Time 


Dn 
1.30 
1.30 
1.30 


CEN (Disable Time) 
0.60 
0.60 
0.60 
ns 
Figures 2 and 5 
4 


CEN (Release 
Time) 
1.30 
1.30 
1.30 


th 
Hold Time 


Dn 
0.30 
0.30 
0.30 
ns 
Figures 
1 and 6 
4 


tpw(H) 
Pulse Width HIGH 


CP 
2.4 
2.4 
2.4 
ns 
Figures 
1 and 4 
4 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = -55°C 
Tc = +25°C 
Tc = +125°C 
Units 
Conditions 
Notes 


Mln 
Max 
Mln 
Max 
Mln 
Max 


lMax 
Toggle 
Frequency 
200 
250 
200 
MHz 
Figures 
1 and 4 
4 


tpLH 
Propagation 
Delay 
0.9 
3.70 
1.0 
3.20 
1.20 
3.90 
ns 
Figures 
1 and 4 
1,2.3,5 
tpHL 
CP to Output 


tpZH 
Propagation 
Delay 
1.20 
5.0 
1.60 
4.20 
1.40 
4.30 
Figures 3 and 7 
1,2,3,5 
OEN to Output 
0.70 
3.0 
0.70 
2.80 
0.70 
3.20 
ns 


tpHZ 


tTLH 
Transition 
Time 
0.40 
2.50 
0.40 
2.40 
0.40 
2.70 
Figures 
1 and 4 
4 
ns 


tTHL 
20% to 80%, 80% to 20% 


ts 
Setup Time 


Dn 
0.60 
0.60 
0.60 


CEN (Disable Time) 
0.90 
0.70 
0.90 
ns 
Figures 2 and 5 
4 
CEN (Release 
Time) 
1.40 
1.40 
2.10 


th 
Hold Time 


Dn 
0.30 
0.30 
0.30 
ns 
Figures 
1 and 6 
4 


tpw(H) 
Pulse Width HIGH 


CP 
2.00 
2.00 
2.00 
ns 
Figures 
1 and 4 
4 


Note 
1: FlOOK 300 Series cold temperature testing is performed 
by temperature soaking (to guarantee junction temperature equals 
-55·C), 
then testing 
immediately 
after power·up. 
This provides "cold start" specs which can be considered 
a worst case condition at cold temperatures. 


Note 2: Screen tested 100% on each device at + 25°C. temperature only, Subgroup A9. 
Note 3: Sampletested (MethodSOOS, Table I) on eachmanufacturedlot at +2S'C, 
SUbgroupA9, andat + 12S'C and -SS'C 
temperatures,SubgroupsAl0 and 


A1L 


Hote 
4: Not tested 
at + 2S"C, + 125°C, and - 55°C temperature 
(design characterization 
data). 


Note 
5: The propagation 
delay specified 
is for single output switching. Delays may vary up to 300 ps with multiple outputs sWitching. 


CIRCUIT 
UNDER 
TEST 
r 


\ 
I1 
VEEI 
O.l}'f -= 


TLiF/l0610-5 


FIGURE 
1. Toggle 
Frequency 
Test Circuit 


CEN 


\ 
I 
D 
Q 
\ , 
1 


50n 
1 


Rr 
v IO•1J.lf 
EE 
- 
- 
- 


V IO.1}'F 
EE 


Notes: 


Vet;. Vet;A ~ 
+2V. 
VEE = -2.5V 


U 
and L2 = equal length son impedance lines 


AT = 50n terminator 
internal 
to scope 


Decoupling 
0.1 f'F from GND to Vee and VEE 


All unused outputs are loaded with 50n to GND 


Cl = Fixture and stray capacitance S; 3 pF 


Notes: 


Vee. Vet;A = +2V. 
VEE = -2.5V 


L1 and L2 = equal length 500 
impedance lines 


RT = 500 
terminator 
internal to scope 


Decoupling 
0.1 f'F from GND to Vee and VEE 


All unused outputs are loaded with 50n 
to GND 


CL = Fixture and stray capacitance 
s: 3 pF 


Notes: 


Vet;. VeeA ~ 
+2V. 
VEE ~ 
-2.5V 


L1 and L2 = equal length 50n impedance lines 


RT = 50n terminator 
internal 
to scope 


Decoupling 
0.1 f'F from GND to Vet; and VEE 


All unused outputs are loaded with 50n to GND 


CL = Fixture and stray capacitance s; 3 pF 


__I 


r-\. ----::::- 
+1.05V 
---1 
~ 
~Jst::_t_h_-1 
:::::: 


____ 
/50% 


Notes: 


ts is the minimum time before the transition of the clock that information 
must be present at the data input. 


th is the minimum time after the transition of the clock that information 
must remain unchanged 
at the data input. 


________ 
-r--\ 
_ 


I 
I 
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I--~:-- 
tpZH 


~National 
~ 
Semiconductor 


F100355 
Low Power Quad Multiplexer/Latch 


General Description 
The F100355 contains four transparent latches, each of 
which can accept and store data from two sources. When 
both Enable (En) inputs are LOW, the data that appears at 
an output is controlled by the Select (Sn)inputs, as shown in 
the Operating Mode table. In addition to routing data from 
either Do or 01, the Select inputs can force the outputs 
LOW for the case where the latch is transparent (both En- 
ables are LOW) and can steer a HIGH signal from either Do 
or 01 to an output. The Select inputs can be tied together 
for applications requiring only that data be steered from ei- 
ther Do or 01. A positive-going signal on either Enable input 


latches the outputs. A HIGH signal on the Master Reset 
(MR) input overrides all the other inputs and forces the Q 
outputs LOW. All inputs have 50 kfi pulldown resistors. 


Features 
• 
Greater than 40% power reduction of the F100155 
• 
2000V ESD protection 
• 
Pin/function compatible with F100155 
• 
Voltage compensated operating range = -4.2V 
to 


-5.7V 


Old 
24 
°Od 
Dd 
23 
0" 


°d 
22 
000 
0, 
21 
E2 


D, 
20 
E, 


Vee 
19 
MR 


VCCA 
18 
V[[ 


Q., 
17 
5, 


a,. 
16 
SO 


D. 
10 
15 
0,. 


O. 
11 
14 
°Ob 
Do. 
12 
13 
0,. 


TL/F/10147-2 


Pin Names 
Description 


E1' E2 
Enable Inputs (Active LOW) 


So, 51 
Select Inputs 
MR 
Master Reset 
Dna-Dnd 
Data Inputs 


Qa-Qd 
Data Outputs 
Qa-Qd 
Complementary Data Outputs 


28-Pln PCC 
24-Pin Quad Cerpak 


D1b DOb D1a ¥EES Doe. Cia 
Q. 
EZ 
[1 
MR V[[ 
5, 
So • 


[]]1!m[]][ID[Z]lIlm 


SO~ 
• 
mO. 


000 
0,• 


5, II] 
limo. 
0" 
a.. 


ODd 
0,. 
V[[~ 
II ill VCCA 
Old 
Do. 
V[ES~ 
II [JJ Vcc 
Dd 
O. 


MRJj&J> 
II ~ 
Vcc 
°d 
D. 
E,I!ZJ> 
II gzJD, 


E,Jj&J> 
II ~ 0, 
Qc 
0c Vcc VCCA ~ 
0b 


Jj&J~~~~~~ 
TLIF/10147-3 


Doc 
Ole 
DOdV£ESOld 
Qd 
ad 


TL/F/1D147-4 


Controls 
Outputs 


1:1 
1:2 
Sl 
So 
Qn 


H 
X 
X 
X 
Latched- 
X 
H 
X 
X 
Latched- 
L 
L 
L 
L 
DOx 
L 
L 
H 
L 
DOx + D1x 


L 
L 
L 
H 
L 


L 
L 
H 
H 
D1x 


·Stores data present before E went HIGH 
H ~ HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = Don't Care 


Inputs 
Outputs 


MR 
1:1 
1:2 
Sl 
So 
D1x 
DOx 
Qx 
Qx 


H 
X 
X 
X 
X 
X 
X 
H 
L 


L 
L 
L 
H 
H 
H 
X 
L 
H 


L 
L 
L 
H 
H 
L 
X 
H 
L 


L 
L 
L 
L 
L 
X 
H 
L 
H 


L 
L 
L 
L 
L 
X 
L 
H 
L 


L 
L 
L 
L 
H 
X 
X 
H 
L 


L 
L 
L 
H 
L 
H 
X 
L 
H 


L 
L 
L 
H 
L 
X 
H 
L 
H 


L 
L 
L 
H 
L 
L 
L 
H 
L 
L 
H 
X 
X 
X 
X 
X 
Latched- 


L 
X 
H 
X 
X 
X 
X 
Latched- 


Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 


If Military/Aerospace 
specified 
devices 
are required, 
please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors 
for availability 
and specifications. 


Storage Temperature (TSTG) 
- 65'C to + 150'C 
Maximum Junction Temperature (TJ) 


Ceramic 
Plastic 


VEEPin Potential to Ground Pin 
Input Voltage (DC) 
Output Current (DCOutput HIGH) 
ESD (Note 2) 


Recommended Operating 
Conditions 


Case Temperature (Tel 
Commercial 
Military 


Supply Voltage (VEE) 
Commercial 
Military 


-5.7V to -4.2V 
-5.7V to -4.2V 


O'Cto +85'C 
- 55'C to + 125'C 


+ 175'C 
+ 150'C 
-7.0Vto 
+0.5V 


VEEto +0.5V 
-50mA 
,,2000V 


Commercial Version 


DC Electrical Characteristics 
VEE = -4.2V to -5.7V, VCC = VCCA= GND, Tc = O'C to +85'C (Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


VOH 
Output HIGH Voltage 
-1025 
-955 
-870 
mV 
VIN = VIH(Max) 
Loading with 


VOL 
Output LOW Voltage 
-1830 
-1705 
-1620 
mV 
orVIL(Min) 
50n to -2.0V 


VOHC 
Output HIGH Voltage 
-1035 
mV 
VIN = VIH(M;n) 
Loading with 


VOLC 
Output LOW Voltage 
-1610 
mV 
or VIL(Max) 
50n to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
Guaranteed HIGH Signal 
for ALL Inputs 


V'L 
Input LOW Voltage 
-1830 
-1475 
mV 
Guaranteed LOW Signal 
for ALL Inputs 


IlL 
Input LOW Current 
0.50 
I-'A 
VIN = VIL(Min) 


IIH 
Input HIGH Current 
So, S1 
220 
E1' E2 
350 
I-'A 
VIN = VIH(Max) 
Dna-Dnd 
340 
MR 
430 


lEE 
Power Supply Current 
-87 
-40 
mA 
Inputs Open 


Note 
1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional 
operation 
under these 
conditions 
is not implied. 


Note 2: ESD tes~ng conforms 
to MIL-STD-883. 
Method 3015. 


Note 3: The specified 
limits represent 
the "worst 
case" value for the parameter. Since these "worst 
case" values normally occur at the temperature 
extremes, 
additional 
noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are 
chosen to guarantee 
operation 
under "worst 
case" conditions. 


fII 


Commercial 
Version 
(Continued) 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = -4.2V 
to -5.7V, Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O·C 
Tc = +25·C 
Tc = +85·C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 


tpHL 
Dna-Dnd 
to Output 
0.60 
1.90 
0.60 
1.90 
0.70 
2.00 
ns 


(Transparent 
Mode) 


tpLH 
Propagation 
Delay 
Figures 
1 and 2 
tpHL 
So, 51 to Output 
1.00 
2.60 
1.00 
2.60 
1.20 
2.70 
ns 


(Transparent 
Mode) 


tpLH 
Propagation 
Delay 
0.80 
2.00 
0.80 
2.00 
0.80 
2.10 
ns 


tpHL 
E1' E2 to Output 


tpLH 
Propagation 
Delay 
0.80 
2.30 
0.80 
2.30 
0.80 
2.30 
ns 
Figures 
1 and 3 
tpHL 
MR to Output 


tTLH 
Transition 
Time 
0.60 
1.40 
0.60 
1.40 
0.60 
1.40 
Figures 
1 and 2 
ns 


tTHL 
20% to 80%, 80% to 20% 


ts 
Setup Time 


Dna-Dnd 
0.90 
0.90 
0.90 
Figure 4 


50,51 
1.70 
1.70 
1.70 
ns 


MR (Release 
Time) 
1.50 
1.50 
1.50 
Figure 3 


tH 
Hold Time 


Dna-Dnd 
0.40 
0.40 
0.40 
ns 
Figure 4 


50,51 
0.00 
0.00 
0.00 


tpw(L) 
Pulse Width LOW E1' E2 
2.00 
2.00 
2.00 
ns 
Figure 2 


tpw(H) 
Pulse Width HIGH MR 
2.00 
2.00 
2.00 
ns 
Figure 3 


TC = O'C 
TC = +2S'C 
TC - 
+8S'C 
, 


Symbol 
Parameter 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 


tpHL 
Dna-Dnd 
to Output 
0.60 
1.70 
0.60 
1.70 
0.70 
1.80 
ns 


(Transparent 
Mode) 


tpLH 
Propagation 
Delay 
Figures 
1 and 2 
tpHL 
80, 51 to Output 
1.00 
2.40 
1.00 
2.40 
1.20 
2.50 
ns 


(Transparent 
Mode) 


tpLH 
Propagation 
Delay 
0.80 
1.80 
0.80 
1.80 
0.80 
1.90 
ns 


tPHL 
1:1,1:2 to Output 


tPLH 
Propagation 
Delay 
0.80 
2.10 
0.80 
2.10 
0.80 
2.10 
ns 
Figures 
1 and 3 
tpHL 
MR to Output 


tTLH 
Transition 
Time 
0.60 
1.30 
0.60 
1.30 
0.60 
1.30 
Figures 
1 and 2 
ns 
tTHL 
20% to 80%, 80% to 20% 


ts 
5etupTime 


Dna-Dnd 
0.80 
0.80 
0.80 
Figure 4 
80,51 
1.60 
1.60 
1.60 
ns 


MR (Release 
Time) 
1.40 
1.40 
1.40 
Figure 3 


tH 
Hold Time 


Dna-Dnd 
0.30 
0.30 
0.30 
Figure 4 
80,51 
-0.10 
-0.10 
-0.10 
ns 


tpw(L) 
Pulse Width LOW E1' E2 
2.00 
2.00 
2.00 
ns 
Figure 2 


tpw(H) 
Pulse Width HIGH MR 
2.00 
2.00 
2.00 
ns 
Figure 3 


tSG-G 
5kew 
Gate to Gate 
TBD 
TBD 
TBD 
PCCOnly 
ps 
(Note 1) 


Note 1: Gate to gate skew is defined as the difference in the propagation delays between each of the outputs. 


Military Version - 
Preliminary 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND, Tc = 
- 55'C 
to + 125'C 


Symbol 
Parameter 
Mln 
Max 
Units 
Tc 
Conditions 
Notes 


VOH 
Output 
HIGH Voltage 
-1025 
-870 
mV 
O'C to + 125'C 


-1085 
-870 
mV 
-55'C 
VIN = VIH (Max) 
Loading 
with 
1,2,3 
VOL 
Output 
LOW Voltage 
-1830 
-1620 
mV 
O'C to + 125'C 
orVIL(Min) 
50n 
to -2.0V 


-1830 
-1555 
mV 
-55'C 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
O'C to + 125'C 


-1085 
mV 
-55'C 
VIN = VIH (Min) 
Loading 
with 
1,2,3 
VOLC 
Output 
LOW Voltage 
-1610 
mV 
O'C to + 125'C 
or VIL (Max) 
50n 
to -2.0V 


-1555 
mV 
-55'C 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
-55'Cto 
Guaranteed 
HIGH Signal 
1,2,3,4 


+125'C 
for ALL Inputs 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 
-55'Cto 
Guaranteed 
LOW Signal 
1,2,3,4 
+125'C 
for ALL Inputs 


IlL 
Input LOW Current 
0.50 
/-LA 
-55'Cto 
VEE = -4.2V 
1,2,3 
+125'C 
VIN = VIL (Min) 


IIH 
Input HIGH Current 
So, 51 
220 


E1' 
E2 
350 
/-LA 
O'C to + 125'C 


Dna-Dnd 
340 
VEE = -5.7V 
MR 
430 


VIN = VIH (Max) 
1,2,3 


50,51 
320 


E1' 
E2 
500 
/-LA 
-55'C 


Dna-Dnd 
490 
MR 
630 


lEE 
Power Supply Current 
-95 
-32 
mA 
- 55'C to + 125'C 
Inputs Open 
1,2,3 


Note 
1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55·C), 
then testing 


immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. 
This provides "cold start" specs which can be 


considered 
a worst case condition 
at cold temperatures. 


Note 2: Screen tested 100% on each device at -55°C, 
+25°C, and + 125°C Temp., Subgroups I, 2, 3, 7, and 8. 


Nole 3: Sampletested (MethodSOOS,Table 1) on each Mfg. 101 at + 2S·, + 12S·C, and -SS·C Temp.,Subgroups1, 2, 3, 7, and 8. 


Note 4: Guaranteed by applying specified input condition and testing VOH/VOL. 


Military Version - 
Preliminary 
(Continued) 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = -4.2V 
to -5.7V, Vee = VeeA = GND 


Symbol 
Parameter 
Tc = -SS"C 
Tc = +2S"C 
Tc = + 12S"C 
Units 
Conditions 
Notes 
Mln 
Max 
Min 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 


tpHL 
Dna-Dnd 
to Output 
0.40 
2.30 
0.50 
2.20 
0.50 
2.60 
ns 


(Transparent 
Mode) 


tpLH 
Propagation 
Delay 
Figures 
1 and 2 
1,2,3 


tpHL 
SO, S1 to Output 
0.60 
3.00 
0.80 
2.70 
0.80 
3.20 
ns 


(Transparent 
Mode) 


tpLH 
Propagation 
Delay 
0.50 
2.60 
0.60 
2.30 
0.70 
2.70 
ns 


tpHL 
E1' E2 to Output 


tpLH 
Propagation 
Delay 
0.60 
2.80 
0.70 
2.60 
0.70 
2.90 
ns 
Figures 
1 and 3 
1,2,3 


tpHL 
MR to Output 


tTLH 
Transition 
Time 
0.40 
1.90 
0.40 
1.90 
0.40 
1.90 
Figures 
1 and 2 
4 
ns 


tTHL 
20% to 80%, 80% to 20% 


ts 
Setup Time 


Dna-Dnd 
0.90 
0.90 
0.90 
Figure 4 
4 


SO, S1 
2.40 
2.40 
2.40 
ns 


MR (Release 
Time) 
1.50 
1.50 
1.50 
Figure 3 


tH 
Hold Time 


Dna-Dnd 
0.40 
0.40 
0.40 
Figure 4 
4 


SO,S1 
0.00 
0.00 
0.00 
ns 


tpw(L) 
Pulse Width LOW E1' E2 
2.00 
2.00 
2.00 
ns 
Figure 2 
4 


tpw(H) 
Pulse Width HIGH MR 
2.00 
2.00 
2.00 
ns 
Figure 3 
4 


Cerpak AC Electrical Characteristics 
VEE = -4.2V 
to -5.7V, Vee = VeeA = GND 


Symbol 
Parameter 
Tc = -SS"C 
Tc = +2S"C 
Tc = + 12S"C 
Units 
Conditions 
Notes 
Mln 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 


tpHL 
Dna-Dnd 
to Output 
0.40 
2.30 
0.50 
2.20 
0.50 
2.60 
ns 


(Transparent 
Mode) 


tpLH 
Propagation 
Delay 
Figures 
1 and 2 
1,2,3 


tpHL 
SO, S1 to Output 
0.60 
3.00 
0.80 
2.70 
0.80 
3.20 
ns 


(Transparent 
Mode) 


tpLH 
Propagation 
Delay 
0.50 
2.60 
0.60 
2.30 
0.70 
2.70 
ns 


tpHL 
E1' E2to 
Output 
• 


Military Version - 
Preliminary 
(Continued) 


Cerpak AC Electrical 
Characteristics 


VEE = -4.2V 
to -5.7V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = -55°C 
Tc = +2SoC 
Tc = + 125°C 
Units 
Conditions 
Notes 


Min 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.60 
2.80 
0.70 
2.60 
0.70 
2.90 
ns 
Figures 
1 and 3 
1,2,3 
tpHL 
MR to Output 


tTLH 
Transition 
Time 
0.40 
1.90 
0.40 
1.90 
0.40 
1.90 
Figures 
1 and 2 
4 
ns 


tTHL 
20% to 80%, 
80% to 20% 


ts 
Setup Time 


Dna-Dnd 
0.90 
0.90 
0.90 
Figure 4 
4 
So,51 
2.40 
2.40 
2.40 
ns 


MR (Release 
Time) 
1.50 
1.50 
1.50 
Figure 3 


tH 
Hold Time 


Dna-Dnd 
0.40 
0.40 
0.40 
Figure 4 
4 


So,51 
0.00 
0.00 
0.00 
ns 


tpw(L) 
Pulse Width 
LOW E1' E2 
2.00 
2.00 
2.00 
ns 
Figure 2 
4 


tpw(H) 
Pulse Width HIGH MR 
2.00 
2.00 
2.00 
ns 
Figure 3 
4 


Note 
1: F100K 300 Series cold temperature 
testing 
is performed 
by temperature 
soaking 
(to guarantee 
junction 
temperature 
equals 
-55°C), 
then testing 
immediately 
without 
allowing 
for the junction 
temperature 
to stabilize 
due to heat dissipation 
after power·up. 
This provides 
"cold 
start" 
specs which 
can be 


considered 
a worst case condition 
at cold temperatures. 


Note 2: Screen tested 100% on each device at +25°C, Temperature 
only, Subgroup A9. 


Note 3: Sample tested (Method SOOS,Table 1) on each Mfg. lot at +2S'. 
Subgroup A9, and at + 12S'C. and -SS'C 
Temp., Subgroups A10 & A11. 


Note 4: Not tested at +25°C. + 125°C and - 55°C Temperature 
(design characterization 
data). 


L1,~ 
i 
RT 
17 


16 
'" 
-= 
15 
I 
\ 
SOli 
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I 
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1- 


L2 
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I 
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FIGURE 
1. AC Test 
Circuit 
(Using 
Quad Cerpak) 


Notes: 


Vcc, 
VCCA ~ + 2V, VEE ~ 
- 2.SV 
L1 and L2 ~ equal length son impedance 
lines 
AT = 50n terminator 
internal to scope 
Decoupling 
0.1 j.LFfrom GND to Vcc and VEE 


All unused outputs are loaded with 50n to GND 
Cl = Fixture and stray capacitance 
s; 3 pF 


Pin numbers shown are for flatpak; for DIP see logic symbol 


,r-----------1: 
, 
\ 
\ 


RE5ET TIMING 
"" 
JX--------------- 


So.5,3J 1~"---"~---5O-%-------~::::: 


t.~ 
_th_~ 
------+ 
1.05 V 


DATA 
\50% 
----- 
~.----·+0.31V 
=.tE'h-1 
1\50-%-----+ 
1.05V 


-----... 
•..-----+0.31 V 
TLlF110147-9 


FIGURE 
4. Data Setup 
and Hold Times 


Notes: 


t5 is the minimum time before the transition 
of the enable that information 


must be present at the data input. 


th is the minimum time after the transition of the enable that information 
must 


remain unchanged 
at the data input. 


~National 
~ 
Semiconductor 


F100360 
Low Power Dual Parity Checker/Generator 


General Description 


The F100360 
is a dual parity checker/generator. 
Each half 
has nine inputs; the output 
is HIGH when an even number 
of 


inputs 
are HIGH. 
One of the 
nine inputs 
(Ia or Ib) has the 


shorter 
through-put 
delay and is therefore 
preferred 
as the 


expansion 
input 
for generating 
parity 
for 
16 or more 
bits. 


The F100360 
also has a Compare 
(C) output 
which 
allows 


the circuit to compare 
two 8-bit words. The C output 
is LOW 


when the two words 
match. bit for bit. All inputs have 50 kfi 


pUlidown 
resistors. 


Features 


• 
Lower 
power 
than 
F100160 


• 
2000V 
ESD protection 
• 
Pin/function 
compatible 
with F100160 


• 
Voltage 
compensated 
operating 
range 
= 
-4.2V 
to 
-5.7V 


• 
Min 
to 
Max 
propagation 
delay 
35% 
tighter 
than 


F100160 


Connection 
Diagrams 


24·Pin DIP 


16b 
1 
24 
ISb 


17b 
2 
23 
I(b 


Ib 
3 
22 
13b 


Zb 
( 
21 
12b 


C 
5 
20 
lib 


Vcc 
6 
19 
lab 


VCCA 
7 
18 
VEE 


Z. 
8 
17 
17• 


I. 
9 
16 
'50 


10• 
10 
15 
Is. 


11. 
11 
14 
1(0 


12• 
12 
13 
13• 


TlIF/1061 
1-2 


Pin Names 
Description 


la. lb. Ina. Inb 
Data Inputs 


Za. Zb 
Parity Odd Outputs 
C 
Compare 
Output 


'S.I(o 
130VEESI2.11• '0. 
[j] [Q][IJ rn rn rn rn 


III III III III III III III 


16• Ii] 
IIII. 


17• [j] 
ill Z. 


VEE [j}J 
m VCCA 
VEES [j] 
CD Vcc 


lab IJ]J 
~ 
Vcc 


lIb I!ZJ 
Ill! C 
12bI!ID 
~Zb 


~1lOO1{JI(JIl[J{7/ 


IJ]J~~~~~§ 


13b I(b ISbVEES 16b 17b Ib 


TL/F/10611-4 


13b 
1 


I(b 
2 


ISb 
3 


16b 
4 


17b 
5 


Ib 
6 


Zb 
C 
Vcc VCCA Z. 
I. 


TL/F/l0611-3 


Sum of 
Output 


HIGH Inputs 
Z 


Even 
HIGH 


Odd 
LOW 


Comparator 
Function 


C = (lOa 
Ell 11a) + (l2a 
Ell 13a) + (14a 
Ell 15a) + (16a 
Ell 17a) + (lOb 
Ell 11b) + (12b 
Ell 13b) + (14b 
Ell 15b) + (16b 
Ell 17b) 
• 


Recommended Operating 
Conditions 


Case Temperature 
(Tel 
Commercial 
Military 


Supply Voltage 
(VEE) 
Commercial 
Military 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired 
(Note 
1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors 
for 
availability 
and specifications. 


Storage 
Temperature 
(T8TG) 
- 65'C to + 150'C 


Maximum 
Junction 
Temperature 
(TJ) 
Ceramic 
Plastic 


VEE Pin Potential 
to Ground 
Pin 


Input Voltage 
(DC) 


Output Current 
(DC Output 
HIGH) 


ESD (Note 2) 


O'Cto 
+ 85'C 


-55'C 
to + 125'C 


-5.7V 
to -4.2V 


-5.7Vto 
-4.2V 
+ 175'C 
+ 150'C 


-7.0V 
to + 0.5V 


VEEto 
+0.5V 


-50mA 


;;,2000V 


Commercial Version 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V. 
VCC = VCCA = GND. Tc = O'C to + 85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


VOH 
Output HIGH Voltage 
-1025 
-955 
-870 
mV 
V,N = V,H (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1705 
-1620 
mV 
orV,L(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
V,N = V,H (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
mV 
or V,L (Max) 
50n 
to -2.0V 


V,H 
Input HIGH Voltage 
-1165 
-870 
mV 
Guaranteed 
HIGH Signal 


for All Inputs 


V,L 
Input LOW Voltage 
-1830 
-1475 
mV 
Guaranteed 
LOW Signal 


for All Inputs 


IlL 
Input LOW Current 
0.50 
IJ-A 
V,N = VIL (Min) 


IIH 
Input HIGH Current 


'a.'b 
340 
IJ-A 
VIN = V,H (Max) 
Ina.lnb 
240 


'EE 
Power Supply Current 
-100 
-50 
mA 
Inputs Open 


Note 
1: Absolute 
maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional 
operation 
under these 
conditions 
is not implied. 


Note 2: ESD testing conforms 
to MIL·STD-BB3. Method 3015. 


Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature 
extremes, additional 
noise 
immunity and guardbanding 
can be achieved 
by decreasing 
the allowable 
system operating 
ranges. Conditions 
for testing shown in the tables are chosen 
to 
guarantee 
operation 
under "worst 
case" conditions. 


Symbol 
Parameter 
Tc = O·C 
Tc = +2S·C 
Tc = +8S·C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
1.10 
2.7S 
1.10 
2.75 
1.10 
2.75 
ns 


tpHL 
Ina• Inb to Za, Zb 


tpLH 
Propagation 
Delay 
1.10 
2.80 
1.10 
2.80 
1.10 
2.80 
ns 


tpHL 
Ina• Inb to C 
Figures 
1&2 


tpLH 
Propagation 
Delay 
0.50 
1.20 
0.60 
1.30 
0.60 
1.30 
ns 


tpHL 
la. Ib to Za, Zb 


tTLH 
Transition 
Time 
0.35 
1.10 
0.35 
1.10 
0.35 
1.10 


tTHL 
20% to 80%. 80% to 20% 
ns 


PCC and Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O·C 
Tc = +2S·C 
Tc = +8S·C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
1.10 
2.75 
1.10 
2.75 
1.10 
2.75 
ns 


tpHL 
Ina, Inb to Za, Zb 


tpLH 
Propagation 
Delay 
1.10 
2.80 
1.10 
2.80 
1.10 
2.80 
ns 
tpHL 
Ina• Inb to C 
Figures 
1&2 
tpLH 
Propagation 
Delay 
0.50 
1.20 
0.60 
1.30 
0.60 
1.30 
ns 


tpHL 
la. Ib to Za, Zb 


tTLH 
Transition 
Time 
0.35 
1.10 
0.35 
1.10 
0.35 
1.10 


tTHL 
20% to 80%.80% 
to 20% 
ns 


ts.G.G 
Skew, Gate to Gate 
TBD 
TBD 
TBD 
ps 
PCConly 


Note 1 


Military Version - 
Preliminary 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND, Tc = 
- 55'C 
to + 125'C 


Symbol 
Parameter 
Min 
Max 
Units 
Tc 
Conditions 
Notes 


VOH 
Output 
HIGH Voltage 
-1025 
-870 
mV 
O'Cto 
+ 125'C 


-1085 
-870 
mV 
-55'C 
VIN = VIH (Max) 
Loading 
with 
1,2,3 
VOL 
Output 
LOW Voltage 
O'Cto 
orVIL 
(Min) 
500. to -2.0V 


-1830 
-1620 
mV 
+ 125'C 


-1830 
-1555 
mV 
-55'C 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
O'Cto 
+ 125'C 


-1085 
mV 
-55'C 
VIN = VIH (Min) 
Loading 
with 
1,2,3 
VOLC 
Output 
LOW Voltage 
O'Cto 
orVIL 
(Max) 
500. to -2.0V 
-1610 
mV 
+ 125'C 


-1555 
mV 
-55'C 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
-55'Cto 
Guaranteed 
HIGH Signal 
1,2,3,4 
+ 125'C 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 
-55'Cto 
Guaranteed 
LOW Signal 
1,2,3,4 
+ 125'C 
for All Inputs 


IlL 
Input LOW Current 
0.50 
I-'A 
-55'Cto 
VEE = -4.2V 
1,2,3 
+ 125'C 
VIN = VIL (Min) 


IIH 
Input HIGH Current 


la,lb 
340 
I-'A 
O'Cto 


Ina,lnb 
240 
+125'C 
VEE = -5.7V 
1,2,3 


'a,lb 
490 
I-'A 
-55'C 
VIN = VIH (Max) 
Ina,lnb 
340 


lEE 
Power Supply Current 
-110 
-50 
mA 
-55'Cto 
Inputs Open 
1,2,3 
+ 125'C 


Note 
1: FlOOK 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals 
-55°C), 
then testing 
immediately 
without 
allowing 
for the junction 
temperature 
to stabilize 
due to heat 
dissipation 
after 
power-up. 
This provides 
"cold 
start" 
specs 
which 
can be 


considered 
a worst case condition 
at cold temperatures. 


Note 2: Screen tested 100% on each device at - 55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3. 7, and 8. 


Nole 
3: Sampletested (MethodSOOS, TableI) on each manufacturedlot at - SS'C, +2S'C, and + 12S'C, SubgroupsA1, 2, 3, 7, and8. 


Note 
4: Guaranteed 
by applying specified 
input condition 
and testing VOH/VOL. 


Military Version - 
Preliminary 
(Continued) 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = -4.2V 
to -5.7V, 
VCC = VCCA= GND 


Parameter 
Tc = -55'C 
Tc = +25'C 
Tc = + 125'C 
Units 
Conditions 
Notes 
Symbol 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
1.00 
2.95 
1.00 
2.95 
1.00 
2.95 
ns 


tpHL 
Ina, Inb to Za, Zb 


tpLH 
Propagation 
Delay 
1.00 
3.00 
1.00 
3.00 
1.00 
3.00 
ns 
1,2,3 


tpHL 
Ina, Inb to C 
Figures 
1&2 


tpLH 
Propagation 
Delay 
0.40 
1.40 
0.50 
1.50 
0.50 
1.50 
ns 


tpHL 
la, Ib to Za, Zb 


tTLH 
Transition 
Time 
0.35 
1.10 
0.35 
1.10 
0.35 
1.10 
4 
ns 


tTHL 
20% to 80%, 80% to 20% 


Cerpak AC Electrical Characteristics 
VEE = -4.2V 
to -5.7V, 
VCC = VCCA= GND 


Symbol 
Parameter 
Tc = -55'C 
Tc = +25'C 
Tc = + 125'C 
Units 
Conditions 
Notes 


Mln 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
1.00 
2.95 
1.00 
2.95 
1.00 
2.95 
ns 


tpHL 
Ina, Inb to Za, Zb 


tpLH 
Propagation 
Delay 
1.00 
3.00 
1.00 
3.00 
1.00 
3.00 
ns 
1,2,3 
tpHL 
Ina, Inb to C 
Figures 
1&2 


tpLH 
Propagation 
Delay 
0.40 
1.40 
0.50 
1.50 
0.50 
1.50 
ns 
tpHL 
la, Ib to Za, Zb 


tTLH 
Transition 
Time 
0.35 
1.10 
0.35 
1.10 
0.35 
1.10 
ns 
4 
tTHL 
20% to 80%, 80% to 20% 


Note 
1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55·C), 
then testing 
immediately 
after power-up. 
This provides 
"cold start" specs which can be considered 
a worst case condition 
at cold temperatures. 


Note 2: Screen tested 100% on each device at +2SoC temperature only, Subgroup A9. 


Nole 3: Sampletested (MethodSOOS,Table I)on each mfg.lot at +2S"C,SubgroupA9,andat + 12S"Cand -SS"Ctemperatures,SubgroupsAl0 andAl1. 


Note 4: Not tested at + 25°C. + 12SoC, 
and - 5SoC temperature (design characterization data). 
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PULSE 
t\ 
GENERATOR 
,1 


L 1 


SCOPE 
,-, 


CHAN 
A 
, 


RT 1 
-= 
3 


4 
-= 
5 


L2 


SCOPE 
,-, 


CHAN 
B 
\ , 


RT 1 


O.7±O.1ns, r l 
LO.7±o.1 
ns 


INPUT 
~ 
.•• 
~~% 
::.::: 
~~""'~'llr~" 


"J ~~ I~~m, 
LJ 


Notes: 
Vee. VeeA = +2V. 
VEE = -2.5V 
L1 and L2 = equal length 50n impedance 
lines 


AT = 50n 
terminator 
internal 
to scope 
Decoupling 
0.1 I'F from GND to Vee and VEE 


All unused outputs are loaded with 50n to GND 
Cl = Fixture and stray capacitance 
:s;;3 pF 


Pin numbers 
shown are for flatpak; for DIP see logic symbol 


COMPLEMENT 
tTLH-...f 


50% 


20% 


I==tTHl 


~Natlonal 
~ 
Semiconductor 


F100363 
Low Power Dual 8-lnput Multiplexer 


General Description 
The F100163 is a dual B-input multiplexer. The Data Select 
(Sn) inputs determine which bit (An and Bn) will be present- 
ed at the outputs (Za and Zb respectively). The same bit 
(0-7) will be selected for both the Za and Zb output. All 
inputs have 50 kO pulldown resistors. 


Features 
• 
50% power reduction of the F100163 
• 
2000V ESD protection 
• 
Pin/function compatible with F100163 
• 
Voltage compensated operating range = 
-4.2V 
to 
-5.7V 


• 
Tighter min to max propagation delay than F100163 


Pin Names 
Description 


SO-52 
Data Select Inputs 
Ao-A7 
A Data Inputs 
Bo-B7 
B Data Inputs 


Za.Zb 
Data Outputs 


8, 


52 


Z. 
Zo 


Connection 
Diagrams 


24·Pln DIP 


B3 
1 
2. 
B. 


B2 
2 
23 
Bs 


B, 
3 
22 
B6 


Bo • 
21 
e, 


Zb 
5 
20 
52 


Vcc 
6 
19 
5, 


VCCA 
7 
18 
VEE 


Z. 
8 
17 
50 


Ao 
9 
16 
A7 


A, 
10 
15 
~ 


A2 
11 
I. 
As 


A3 
12 
13 
A. 


TliF/10612-2 


28-Pln PCC 


~ 
As A.VEES A3 A2 A, 
[i] 1m[lJ IIHIJ II][IJ 


24·Pln Quad Cerpak 


~ 
~ 
5, VElSo '7 


A7lilJ 
rnAo 
50 1m 
alZ. 


VEE (gJ 
[I] VCCA 
VEES1m 
mvcc 
5, 
ff§) 
l!!I Vcc 


521il1 
~ 
Zb 
B7@ 
Ii§JBo 
\Qio(JOl(J{JIOif 


IiU~~~~~~ 


B6 Bs B.VEESB3 
B2 B, 
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Logic Diagram 
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Truth Table 


Inputs 
Outputs 
Select 
Data 


S2 
Sl 
So 
A7 
A6 
A5 
A4 
A3 
A2 
A1 
Ao 
Za 
B7 
B6 
B5 
B4 
B3 
B2 
B1 
Bo 
Zb 


L 
L 
L 
L 
L 


L 
L 
L 
H 
H 


L 
L 
H 
L 
L 


L 
L 
H 
H 
H 


L 
H 
L 
L 
L 


L 
H 
L 
H 
H 


L 
H 
H 
L 
L 


L 
H 
H 
H 
H 


H 
L 
L 
L 
L 


H 
L 
L 
H 
H 


H 
L 
H 
L 
L 


H 
L 
H 
H 
H 


H 
H 
L 
L 
L 
H 
H 
L 
H 
H 


H 
H 
H 
L 
L 


H 
H 
H 
H 
H 


H = HIGH Voltage Level 
L = LOW Voltage Level 
Blank = X = Don't Care 


Absolute Maximum Ratings 
Recommended 
Operating 
Above 
which 
the useful 
life may be impared 
(Note 
1) 
Conditions 
If 
Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
(Te) 


please 
contact 
the 
National 
Semiconductor 
Sales 
Commercial 
O·Cto 
+ 85·C 
Office/Distributors 
for availability 
and specifications. 
Military 
- 55·C to + 125·C 
Storage 
Temperature 
(TSTG) 
- 65·C to + 150·C 
Supply 
Voltage 
(VEE) 


Maximum 
Junction 
Temperature 
(TJ) 
Commercial 
-5.7Vto 
-4.2V 


Ceramic 
+175·C 
Military 
-5.7Vto 
-4.2V 
Plastic 
+150·C 


VEE Pin Potential 
to Ground 
Pin 
-7.0V 
to + 0.5V 


Input Voltage 
(DC) 
VEEto 
+ 0.5V 


Output Current 
(DC Output 
HIGH) 
-50mA 


ESD (Note 2) 
;<,2000V 


Commercial 
Version 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND, Tc = O·C to + 85·C (Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1705 
-1620 
mV 
orVIL 
(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
mV 
orVIL 
(Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
Guaranteed 
HIGH Signal for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 
Guaranteed 
LOW Signal for All Inputs 


IlL 
Input LOW Current 
0.50 
}J-A 
VIN = VIL (Min) 


IIH 
Input HIGH Current 
VIN = VIH (Max) 


Sn 
265 
}J-A 
An. Bn 
340 


lEE 
Power Supply Current 
-80 
-40 
mA 
Inputs Open 


Note 
1: Absolute 
maximum 
ratings Bre those values 
beyond 
which the device 
may be damaged 
or have its useful life impaired. 
Functional 
operation 
under these 


condItions 
is not implied. 


Nole 2: ESDtesling conformsto MIL-STD-883,Method3015. 


Note 
3: The specified 
limits represent 
the "worst 
case" 
value for the parameter. 
Since these values 
normally occur at the temperature 
extremes. 
additional 
noise 


immunity 
and guardbanding 
can be achieved 
by decreasing 
the allowable 
system 
operating 
ranges. 
Conditions 
for testing 
shown 
in the tables 
are chosen 
to 
guarantee 
operation 
under 
"worst 
case" 
conditions. 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -5.7V. 
VCC = VCCA = GND 


Symbol 
Parameter 
Tc = O·C 
Tc = +2S·C 
Tc = +8S·C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.70 
1.65 
0.80 
1.70 
0.80 
1.80 
ns 


tpHL 
Ao-A7' 
Bo-87 
to Output 


tpLH 
Propagation 
Delay 
1.30 
2.60 
1.40 
2.70 
1.40 
2.70 
ns 
Figures 
1 and 2 
tpHL 
SO-52 
to Output 


tTLH 
Transition 
Time 
0.45 
1.30 
0.45 
1.30 
0.45 
1.30 


tTHL 
20% to 80%,80% 
to 20% 
ns 


Vee = 
-4.2V 
to -5)V, 
VCC = VCCA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +2S'C 
Tc = +8S'C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.70 
1.65 
0.80 
1.70 
0.80 
1.80 
ns 


tpHL 
Ao-A7' 
Bo-B7 
to Output 


tpLH 
Propagation 
Delay 
1.30 
2.60 
1.40 
2.70 
1.40 
2.70 
ns 
Figures 
1 and 2 
tpHL 
SO-52 
to Output 


tTLH 
Transition 
Time 
0.45 
1.30 
0.45 
1.30 
0.45 
1.30 
ns 


tTHL 
20% to 80%, 
80% to 20% 


tS,G-G 
Skew, Gate to Gate 
TBD 
TBD 
TBD 
ps 
PCCOnly 


(Note 1) 


Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 


Military Version-Preliminary 


DC Electrical Characteristics 
Vee = 
-4.2V 
to -5.7V, 
VCC = VCCA = GND, Tc = 
- 55'C 
to + 125'C 


Symbol 
Parameter 
Mln 
Max 
Units 
Tc 
Conditions 
Note 


VOH 
Output 
HIGH Voltage 
-1025 
-870 
mV 
O'Cto 


+ 125'C 


-1085 
-870 
mV 
-55'C 
VIN = VIH (Max) 
Loading 
with 
1,2,3 
VOL 
Output 
LOW Voltage 
O'Cto 
orVIL 
(Min) 
50n 
to -2.0V 
-1830 
-1620 
mV 
+ 125'C 


-1830 
-1555 
mV 
-55'C 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
O'Cto 
+ 125'C 


-1085 
mV 
-55'C 
VIN = VIH (Min) 
Loading 
with 
1,2,3 
VOLC 
Output 
LOW Voltage 
O'Cto 
orVIL(Max) 
50nto 
-2.0V 
-1610 
mV 
+ 125'C 


-1555 
mV 
-55'C 


VIH 
Input HIGH Voltage 
-1165 
-870 
mV 
-55'C 
to 
Guaranteed 
HIGH Signal for All Inputs 
1,2,3,4 
+ 125'C 


VIL 
Input LOW Voltage 
-1830 
-1475 
mV 
-55'Cto 
Guaranteed 
LOW Signal for All Inputs 
1,2,3,4 
+ 125'C 


IlL 
Input LOW Current 
0.50 
IJ-A 
-55'Cto 
Vee = -4.2V 
1,2,3 
+125'C 
VIN = VIL (Min) 


IIH 
Input HIGH Current 


Sn 
265 
IJ-A 
O'Cto 
An, Bn 
340 
+ 125'C 
Vee = -5.7V 
1,2,3 


Sn 
385 
VIN = VIH (Max) 


An, Bn 
490 
IJ-A 
-55'C 


lee 
Power Supply Current 
-87 
-30 
mA 
-55'Cto 
Inputs Open 


1,2,3 
+ 125'C 


Note 
1: FlOOK 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), 
then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. 
This provides "cold start" specs which can be 
considered 
a worst case condition 
at cold temperatures. 


Note 2: Screen tested 100% on each device at -55°C, 
+ 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 


Note 3: Sampletested (Method5005, Table I) on each manufacturedlot at - SS"C.+2S"C.and + 12S"C,SubgroupsA1, 2. 3, 7. and 8. 


Note 4: Guaranteed by applying specified input condition and testing VOH/VOl. 


Symbol 
Parameter 
Tc = -SsoC 
Tc = +2SoC 
Tc = +12SoC 
Units 
Conditions 
Notes 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.50 
2.40 
0.60 
2.30 
0.70 
3.00 
ns 
tpHL 
Ao-A7' 
60-67 
to Output 
1,2,3 
tpLH 
Propagation 
Delay 
0.80 
3.00 
0.90 
2.80 
1.00 
3.40 
ns 
Figures 
1 and 2 
tpHL 
SO-52 to Output 


tTLH 
Transition 
Time 
0.30 
1.90 
0.40 
1.80 
0.30 
2.10 
4 
ns 
tTHL 
20% to 80%, 80% to 20% 


Cerpak AC Electrical Characteristics 
VEE = -4.2V 
to -5.7V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = -SsoC 
TC = +2SoC 
Tc = + 12SoC 
Units 
Conditions 
Notes 
Min 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.50 
2.40 
0.60 
2.30 
0.70 
3.00 
ns 
tpHL 
Ao-A7' 
60-67 
to Output 
1,2,3 
tpLH 
Propagation 
Delay 
0.80 
3.00 
0.90 
2.80 
1.00 
3.40 
ns 
Figures 
1 and 2 
tpHL 
SO-52 to Output 


tTLH 
Transition 
Time 
0.30 
1.90 
0.40 
1.80 
0.30 
2.10 
4 
ns 
tTHL 
20% to 80%,80% 
to 20% 


Note 
1: FlOOK 300 Series cold temperature 
testing 
is performed 
by temperature 
soaking 
(to guarantee 
junction 
temperature 
equals 
-55°C), 
then testing 


immediately 
after power·up. This provides "cold start" specs which can be considered 
a worst case condition 
at cold temperatures. 


Note 2: SCreen tested 100% on each device at + 25°C temperature 
only, Subgroup A9. 


Nole 3: Sample tested (Method 5005.Table I)on each manufactured 
lot at + 2S·C, Subgroup A9, and at + 12S·C and -SS·C, 
temperatures, 
Subgroups A10and 
All. 


Note 4: Not tested at + 25°C, + 125°C, and - 55°C temperature 
(design characterization 
data). 


Test Circuitry 


v EO•1•F 


;1'h 


-i~ 


I I 
I 
PULSE 
I 
,-, 
24 23 
22 21 20 
19 
1 
18 f-- 


GENERATOR I 
,, 
~ 
- 
2 
17f-- 


- 
3 
16 f-- 


Ll 
-4 
15 f-- 


I 
SCOPE 
I 
r, 
- 
5 
14 f-- 


CHAN A 
I 
,, 


RTI 
- 6 
13 f-- 


7 
8 
9 
10 
11 
12 
I I 
I I 
L2 
-= 
,., 
I 
SCOPE 
\ , 
I 
CHAN 8 
~ 
1 
RT 


25.Fflo.1•F 
-= 
-= 


Nole.: 
-= 
Vcc -= 
TL/F/10612-6 
Vcc, VCCA = +2V, VEE ~ 
- 2.SV 
FIGURE 
1. AC Test 
Circuit 
L1 and l2 
= equal length 50n impedance 
lines 
RT = son terminator 
internal to scope 
DecQupling 0.1 ILF from GND to Vcc and VEE 
All unused outputs are loaded with 500 to GND 
CL = Fixture and stray capacitance 
~ 3 pF 
Pin numbers shown are for flatpak; for DIP see logic symbol 


C") 
CDa 
Switching Waveforms 
o 
.•.. 


.::"'"'¥ lh:'"", 


..J r :J ~'''. 


80% 


tTHLJ 
~ 


~National 
~ 
Semiconductor 


F100364 
Low Power 16·Bit Multiplexer 


General Description 


The F100364 
is a 16-input 
multiplexer. 
Data paths are con· 


trolled 
by four Select 
lines (SO-53)' 
Their decoding 
is shown 


in the truth 
table. 
Output 
data 
polarity 
is the 
same 
as the 


seleted 
input data. All inputs have 50 kO pUlidown 
resistors. 


Features 


• 
35% 
power 
reduction 
of the F100164 


• 
2000V 
ESD protection 


• 
Pin/function 
compatible 
with F100164 


• 
Voltage 
compensated 
operating 
range 


= 
-4.2V 
to 
-5.7V 


Pin Names 
Description 


10-115 
Data Inputs 


SO-53 
Select 
Inputs 


Z 
Data Output 


Connection 
Diagrams 


24·Pln 
DIP 
28·Pln 
PCC 
24·Pln 
Quad Cerpak 
I,.1'3 112VEES1,,1'0/9 
53 
52 
51 Vrr 
50 
115 


13 
1 
2. 
12 
[j]@m[§J[l]l!l!ID 
I. 
2 
23 
11 


15 
3 
22 
10 
1'5 [lJ 
018 
10 
1 
11. 


SO~ 
lIDZ 


16 • 
21 
53 
VEE~ 
rn Vw. 
11 
2 
113 


17 
5 
20 
52 
VEES~ 
rnvcc 
12 
3 
112 


Vcc 
6 
19 
51 


S1 [ID 
~Vcc 
13 • 
111 


VCCA 
7 
18 
S21i1l 
1llI17 
I. 
5 
110 
VEE 
S3 [ID 
~16 
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8 
17 
50 
15 
6 
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F100370 
Low Power Universal Demultiplexer/Decoder 


General Description 


The F100370 
universal 
demultiplexer/decoder 
functions 
as 


either 
a dual 
1-of-4 decoder 
or as a single 
1-of-8 
decoder. 


depending 
on the 
signal 
applied 
to the 
Mode 
Control 
(M) 


input. In the dual mode, each half has a pair of active-LOW 
Enable 
(E) inputs. 
Pin assignments 
for the E inputs are such 


that 
in the 
1-of-8 
mode 
they can easily 
be tied together 
in 
pairs to provide 
two active-LOW 
enables 
(Ela to Elb. E2a to 
E2b). Signals 
applied 
to auxiliary 
inputs Ha• Hb and He deter- 
mine whether 
the outputs 
are active HIGH or active 
LOW. In 
the dual 
1-of-4 
mode the Address 
inputs 
are Aoa• Ala 
and 
AOb. Alb 
with A2a unused 
(Le .• left open. tied to VEE or with 


LOW signal applied). 
In the 1-of-8 mode, the Address 
inputs 
are AOa• Ala. A2a with AOb and A1b LOW or open. All inputs 
have 50 kfi pUlidown 
resistors. 


Features 


• 
35% 
power 
reduction 
of the F100170 


• 
2000V 
ESD protection 


• 
Pin/function 
compatible 
with 
F100170 


• 
Voltage 
compensated 
operating 
range 


-5.7V 


Pin Names 
Description 


Ana. Anb 
Address 
Inputs 
Ena, Enb 
Enable Inputs 
M 
Mode Control 
Input 
Ha 
ZO-Z3 (ZOa-Z3al 
Polarity Select Input 


Hb 
Z4-Z7 
(ZOb-Z3b) 
Polarity Select Input 


He 
Common 
Polarity 
Select Input 
ZO-Z7 
Single 1-01-8 
Data Outputs 
Zna, Znb 
Dual 1-01-4 
Data Outputs 


Connection 
Diagrams 


24-Pin DIP 
28-Pln PCC 
24·Pln Quad Cerpak 
z,. 22• 


Alb 
1 
2. 
Aob 
A,. 
MA,. 
VE£S Aoa(2,)(2,) 


23b(27) 
2 
23 
Hb 
Wll!Q)rnOOmm[IJ 
20 
19 


20b(2.) 
3 
22 
He 
20• 
He 
18 
A,. 


2'b(2s) 
• 
21 
H. 
E1.U]] 
II] (20) 
Hb 
17 
M 


2'b(2S) 
5 
20 
E2a 
ElblIlJ 
IlJ 23• 
AOb 
IS 
A,. 


(23) 


Vcc 
6 
19 
E'b 


VEE~ 
[I]vCCA 


A'b 
15 
AO• 


V'ES~ 
[j] 
Vcc 


23b 
14 
2,. 


VCCA 
7 
18 
V" 
(27) 
(2,) 


230(23) 
8 
17 
f'b 
E2b[j]) 
~Vcc 
20b 
13 
2,. 


20.(20) 
9 
16 
E,. 
Ez.[!ZJ 
1llJ(~:) 
(2J 
12 
(2,) 


2,.(2,) 
10 
15 
A,. 
HaM] 
~2'b 
2'b 2'b 
VCCVCCA230 20• 


2,.(2,) 
11 
14 
M 
(2S) 
(2S)(2S) 
(23)(20) 


Aea 
12 
13 
A,. 
1I!J~lIiJflll~~~ 
TL/F/l0649-3 


He 
Hb "obVEESAlbZ3b 
lOb 


TL/F/l0649-2 
(27)(2.) 


TL/FI10649-5 
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F100371 
Low Power Triple 4-lnput Multiplexer with Enable 


General Description 


The 
F100371 
contains 
three 
4-input 
multiplexers 
which 


share a common 
decoder 
(inputs 
So and S1). Output 
buffer 
gates provide 
true and complement 
outputs. 
A HIGH on the 
Enable 
input (E) forces 
all true outputs 
LOW (see Truth Ta- 


ble). All inputs 
have 50 kO pull-down 
resistors. 


Features 


• 
35% 
power 
reduction 
of the F100171 


• 
2000V 
ESD protection 


• 
Pin/function 
compatible 
with F100171 


• 
Voltage 
compensated 
operating 
range 
-5.7V 


Pin Names 
Description 


10.-13x 
Date Inputs 


So, S1 
Select 
Inputs 
E 
Enable 
Input (Active 
LOW) 
Za-Zc 
Data Outputs 
Za-Zc 
Complementary 
Data Outputs 


Connection 
Diagrams 


24·Pln DIP 
24·Pln Quad Cerpak 
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2b 
' 
2b 
1 


' 
38 


Ze • 
21 
lIb 
15b 
2 
'2• 


Ie 
5 
20 
lOb 
'Oe 
3 
'1. 
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F100393 
Low Power 9-Bit EeL-to- TTL 
Translator with Latches 


General Description 


The F100393 
is a 9-bit translator 
for converting 
F1 OOK logic 
levels 
to FAST® 
TTl 
logic levels. 
A lOW 
on the latch 
en- 
able (lE) 
latches 
the data at the input state. A HIGH on the 
lE 
makes 
the 
latches 
transparent. 
A HIGH 
on either 
the 
ECl 
or TTl 
output 
enable 
(OE ECl 
or OE TTl), 
holds 
the 


outputs 
in a high impedance 
state. 


The F100393 
is designed 
with FAST® TTl, 
64 mA outputs 


for Bus Driving 
capability. 
All ECl 
inputs 
have 
50 kfl 
pull 
down 
resistors. 
When the inputs 
are either 
unconnected 
or 


at the same potential, 
the outputs 
will go lOW. 


Features 


• 
64 mA IOL drive capability 


• 
2000V 
ESD protection 


• 
-4.2V 
to -5.7V 
operating 
range 


• 
latched 
outputs 


• 
FAST® TTl 
outputs 


OE 
05 TTL VeeVEE Vee LE 04 
[J]1lQJ[[]rn[I]lIlrn 


06 1m 
07 [j]J 
08 [j]J 


08~ 
°7 [j]] 
°61Jll 
°5 [j]] 


m03 
[II O2 
rn 01 
IT] DO 


[g§j °0 
IllJ 01 


g§I °2 


1IID1m~~~I~H~ 


VCCA OEVmVCCAVCCA04 
03 
ill 


Pin Names 
Description 


Do-Os 
Data Inputs (ECl) 


Qo-Qs 
Data Outputs 
(TTl) 


lE 
latch 
Enable 
Input 


OETTl 
Output 
Enable (TTl) 


OE ECl 
Output 
Enable (ECl) 
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F100395 
Low Power 9-Bit ECL-to- TTL 
Translator with Registers 


General Description 


The F100395 
is a 9-bit translator 
for converting 
F100K 
logic 


levels 
to FAST~ 
TIL 
logic levels. 
A high on the output 
en- 


able (OE) holds the TIL 
outputs 
in a high impedance 
state. 


A low on the clock 
enable 
(EN) transfers 
the data 
on the 


inputs 
to the 
outputs 
on a Low-to-High 
clock 
transition. 
A 


high on EN will not change 
the state of the outputs. 


The F100395 
is designed 
with FAST@ TTL, 64 mA outputs 


for Bus Driving 
capability. 
All inputs 
have 50 kO pull down 


resistors. 
When the inputs are either 
unconnected 
or at the 


same potential, 
the outputs 
will go LOW. 


Features 


• 
64 mA IOl drive capability 


• 
2000V 
ESD protection 


• 
-4.2V 
to -5.7V 
operating 
range 


• 
Registered 
outputs 


• 
FAST TIL 
outputs 


DS EN Vcc VEE Vcc CP D. 
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lry@ 


DalJ3l 
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Pin Names 
Description 


00-08 
Data Inputs (ECL) 
00-08 
Data Outputs 
(TIL) 


OE 
Output 
Enable 


EN 
Clock Enable 


CP 
Clock Pulse 
• 
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F100101 
Triple 5-lnput OR/NOR Gate 


General Description 


The F1 001 01 is a monolithic 
triple 5-input ORINOR 
gate. All 


inputs 
have 
50 kfi 
pUll-down 
resistors 
and all outputs 
are 


buffered. 


Refer to the F100301 
datasheet 
for: 


PCC packaging 
Lower 
power 
Military versions 
Extended 
voltage 
specs 
(-4.2V 
to -5.7V) 


24 
02e 


23 
Ole 


22 
0Sb 


21 
04b 


20 
03b 


19 
02b 


18 
VEE 


17 
0lb 


16 
OS. 


15 
0•• 


14 
03. 


13 
02. 


Pin Names 
Description 


Dna, Dnb, Dne 
Data Inputs 


0a, 0b, 0e 
Data Outputs 


Da,Db,De 
Complementary 
Data Outputs 


24-Pln 
Quad 
Cerpak 


04b 03b 02b VEE0lb 05. 


°sb 


Ole 
2 


02e 
3 


03e 
4 


04c 
5 


0se 
6 
• 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 
If Military/Aerospace 
specified devices are required, 
please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors for availability and specifications. 


Storage 
Temperature 
- 65'C to + 150'C 


Maximum 
Junction 
Temperature 
(TJ) 
+ 150'C 


Case Temperature 
under Bias (Tcl 


VEE Pin Potential 
to Ground 
Pin 


Input Voltage 
(DC) 


Output Current 
(DC Output 
HIGH) 


Operating 
Range (Note 2) 


O'Cto 
+85'C 


-7.0Vto 
+0.5V 


VEEto 
+0.5V 


-50mA 


-5.7Vto 
-4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions (Note 4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
orVIL 
(M!n) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH(Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
JJ.A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions (Note 4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
or VIL (Max) , 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
JJ.A 
VIN = VIL (M!n) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = VCCA = GND, Tc = O'C to + 85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions (Note 4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL 
(M!n) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
JJ.A 
VIN = VIL (M!n) 


Note 
1: Absolute 
maximum 
ratings are those values 
beyond 
which the device 
may be damaged 
or have its useful life impaired. 
Functional 
operation 
under these 
conditions 
is not implied. 


Note 2: Parametric values specified at -4.2V 
to -4.8V. 


Note 
3: The specified 
limits represent 
the "worst case" value for the parameter. 
Since these 
"worst 
case" 
values 
normally 
occur at the temperature 
extremes, 
additional 
noise immunity and guard banding 
can be achieved 
by decreasing 
the allowable 
system 
operating 
ranges. 


Note 
4: Conditions 
for testing shown 
in the tables 
are chosen 
to guarantee 
operation 
under "worst 
case" 
conditions. 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V 
unless 
otherwise 
specified, 
Vee = VeeA = GND, Te = O'C to +85'C 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


IIH 
Input HIGH Current 
350 
IJ-A 
VIN = VIH (Max) 


lEE 
Power Supply Current 
-38 
-26 
-18 
mA 
Inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = + 25'C 
Tc = +85'C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.50 
1.15 
0.50 
1.15 
0.55 
1.30 
ns 


tpHL 
Data to Output 
A'gures 
1 and 2 


tTLH 
Transition 
Time 
0.45 
1.30 
0.45 
1.20 
0.45 
1.20 


tTHL 
20% to 80%, 
80% to 20% 
ns 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
TC = +25'C 
TC = +85'C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.50 
0.95 
0.50 
0.95 
0.55 
1.10 
ns 


tpHL 
Data to Output 
Figures 
1 and 2 
tTLH 
Transition 
Time 
0.45 
1.20 
0.45 
1.10 
0.45 
1.10 


tTHL 
20% to 80%, 
80% to 20% 
ns 
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FIGURE 
1. AC Test 
Circuit 
COMPLEMENT 
20% 


Notes: 
tTlH-..j 
~tTHl 
Vcc, VCCA~ + 2V,VEE~ - 2.5V 
L1 and L2 = equal length 50n impedance 
lines 
TLIF19835-6 
AT = 50n terminator 
internal to scope 
FIGURE 
2. Propagation 
Delay 
and Transition 
Times 


Decoupling 
0.1 J.LFfrom GND to Vce and VEE 


All unused outputs are loaded with 50n to GND 
CL = Fixture and stray capacitance 
.s;:3 pF 
• 


~ 
National 
~ 
Semiconductor 


F100102 
Quint 2-lnput OR/NOR Gate 


General Description 


The 
F1 001 02 is a monolithic 
quint 
2-input 
ORINOR 
gate 
with common 
enable. 
All inputs have 50 kO pUll-down 
resis- 
tors and all outputs 
are buffered. 


Refer to the F100302 
datasheet 
for: 


PCC packaging 
Lower power 
Military versions 
Extended 
voltage 
specs 
(-4.2V 
to -5.7V) 


Ordering Code: 
See Section 
8 


Logic Symbol 


Connection 
Diagrams 


24-Pin DIP 


O2• 
24 
0,• 


0. 
23 
°2d 
0. 
22 
Old 


°d 
21 
°2e 


°d 
20 
Ole 


Vee 
6 
19 
E 


VeeA 
7 
18 
VEE 


°e 
8 
17 
°2b 


°e 
9 
16 
°lb 


°b 
10 
15 
O2• 


°b 
11 
14 
0,. 
0. 
12 
13 
0. 


Pin Names 
Description 


Dna-One 
Data Inputs 
E 
Enable Input 


Oa-Oe 
Data Outputs 


Oa-Oe 
Complementary 
Data Outputs 


D1X 
D2X 
E 
Ox 
Ox 


L 
L 
L 
L 
H 
L 
L 
H 
H 
L 
L 
H 
L 
H 
L 
L 
H 
H 
H 
L 
H 
L 
L 
H 
L 
H 
L 
H 
H 
L 
H 
H 
L 
H 
L 
H 
H 
H 
H 
L 


24-Pin Quad Cerpak 


02e Ole 
E 
VEE 02b 0lb 


Old 
1 


02d 
2 


01• 
3 


02. 
4 


O. 
5 
0. 
6 


11 
IVlllIlC:IIY/_C;;IV~t"u._,", 
••••,...__ 
••• _________ 


please 
contact 
the 
National 
Semiconductor 
Sales 
Ground 
Pin 
-I.UV 
10 -r u.ov 


Office/Distributors 
for availability 
and specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 
Storage 
Temperature 
- 65'C to + 150'C 
Output Current 
(DC Output 
HIGH) 
-50 
mA 


Maximum 
Junction 
Temperature 
(TJ) 
+150'C 
Operating 
Range (Note 2) 
-5.7Vto 
-4.2V 


Case Temperature 
under Bias (Tc> 
O'Cto 
+85'C 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = VCCA = GND Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH(Max) or VIL(Min) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
mV 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH(Min) or VIL(Max) 


Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
mV 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal for All Inputs 


IlL 
Input LOW Current 
0.50 
fLA 
VIN = VIL(Min) 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH(Max) or VIl(Min) 


Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
mV 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH(Min) or VIL(Max) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
mV 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal for All Inputs 


IlL 
Input LOW Current 
0.50 
fLA 
VIN = VIL(Min) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH(Max) or VIL(Min) 


Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
mV 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH(Min) or VIL(Max) 


Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
mV 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal for All Inputs 


IlL 
Input LOW Current 
0.50 
fLA 
VIN = VIL(Min) 


Note 
1: Absolute 
maximum ratings are those values beyond which the device may be damaged 
or have its useful life impaired. Functional 
operation 
under these 
conditions 
is not implied. 


Note 
2: Parametric 
values specified at -4.2V 
to ~4.8V. 


Note 
3: The specified limits represent 
the "worst case" 
value for the parameter. 
Since these "worst case" 
values normally occur at the temperature 
extremes, 


additional 
noise immunity and guard banding can be achieved 
by decreasing 
the allowable 
system operating ranges. 


Note 
4: Conditions for testing shown in the tables are chosen to guarantee 
operation 
under "worst case" 
conditions. 


• 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V 
unless 
otherwise 
specified, 
VCC = VCCA = GND, Tc = O"C to +85"C 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


IIH 
Input HIGH Current 


Data 
350 
I-'A 
VIN = VIH(Max) 


Enable 
300 


lEE 
Power Supply Current 
-80 
-55 
-38 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Characteristics 


VEE = 
-4.2V 
to -4.8V, 
Vcc = VCCA = GND 


Symbol 
Parameter 
Tc = O"C 
Tc = +25"C 
Tc = +85"C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.45 
1.35 
0.45 
1.15 
0.45 
1.40 
ns 


tpHL 
Data to Output 


tpLH 
Propagation 
Delay 
0.95 
2.15 
0.95 
2.15 
0.95 
2.20 
ns 
Figures 
1 and 2 
tpHL 
Enable to Output 


tTLH 
Transition 
Time 
0.45 
1.30 
0.45 
1.20 
0.45 
1.20 
ns 
tTHL 
20% to 80%,80% 
to 20% 


Cerpak AC Characteristics 
VEE = 
-4.2V 
to -4.8V, 
VCC = VCCA = GND 


Symbol 
Parameter 
Tc = O"C 
Tc = +25"C 
Tc = +85"C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.45 
1.15 
0.45 
0.95 
0.45 
1.20 
ns 
tpHL 
Data to Output 


tpLH 
Propagation 
Delay 
0.95 
1.95 
0.95 
1.95 
0.95 
2.00 
ns 
Figures 
1 and 2 


tpHL 
Enable to Output 


tTLH 
Transition 
Time 
0.45 
1.20 
0.45 
1.10 
0.45 
1.10 


tTHL 
20% to 80%, 80% to 20% 
ns 
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FIGURE 
1. AC Test Circuit 
trlH----.t 
~tTHl 
Notes: 
Vcc. VCCA~ +2V. VEE~ -2.5V 
TLIF/9836-6 
L1 and L2 = equal length 50.0 impedance 
lines 
FIGURE 
2. Propagation 
Delay and Transition 
Times 
RT = 50.0 terminator 
internal to scope 
Decoupling 
0.1 p,F from GND to Vcc and VEE 


All unused outputs are loaded with 50.0 to GND 
CL = Fixtureandstraycapacitance,;; 3 pF 


~National 
~ 
Semiconductor 


F100104 
Quint AND/NAND 
Gate 


General Description 


The 
F100104 
is monolithic 
quint 
AND/NAND 
gate. 
The 
Function 
output 
is the wire·NOR 
of all five AND 
gate 
out- 


puts. All inputs 
have 50 kO pull·down 
resistors. 


Refer to the F100304 
datasheet 
for: 


PCC packaging 
Lower 
power 
Military 
versions 
Extended 
voltage 
specs 
(-4.2V 
to -5.7V) 


F = (D1a· 
D2a) + (D1b· 
D2b) + D1c· 
D2cl + (D1d· 
D2d) 


+ (D1e· 
D2e)· 


Pin Names 
Description 


Dna-Dne 
Data Inputs 


F 
Function 
Output 


Oa-Oe 
Data Outputs 


oa-oe 
Complementary 
Data Outputs 


Old 
1 


01• 
2 


O2• 
3 


0. 
4 
6. 
5 


0d 
6 
• 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
under Bias (Td 
O'Cto 
+85'C 
please 
contact 
the 
National 
Semiconductor 
Sales 
VEE Pin Potential 
to Ground 
Pin 
-7.0Vto 
+0.5V 
Office/Distributors 
for 
availability 
and 
specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 
Storage 
Temperature 
- 65'C to + 150'C 
Output Current 
(DC Output 
HIGH) 
-50mA 
Maximum 
Junction 
Temperature 
(TJ) 
+ 150'C 
Operating 
Range (Note 2) 
-5.7Vto 
-4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
orVIL(Min) 
500 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH(Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
500 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
I-'A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
500 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
or VIL (Max) 
500 
to -2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
I-'A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL(Min) 
500 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
orVIL(Max) 
500 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
I-'A 
VIN = VIL (Min) 


Note 1: Absolute 
maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional 
operation 
under these 
conditions 
is not implied. 


Note 2: Parametric values specified 
at -4.2V 
to -4.8V. 


Note 3: The specified 
limits represent 
the "worst 
case" value for the parameter. 
Since these "worst 
case" values normally occur at the temperature 
extremes. 
additional 
noise immunity and guard banding can be achieved by decreasing 
the allowable system operating 
ranges. 


Note 4: Conditions 
for testing shown in the tables are chosen to guarantee operation 
under "worst 
case" conditions. 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V 
unless 
otherwise 
specified, 
Vee = VeeA = GND, Te = O'C to +85'C 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


IIH 
Input HIGH Current 
VIN = VIH (Max) 


D2a-D2e 
250 
/-LA 


D1a-D1e 
350 


lEE 
Power Supply Current 
-96 
-66 
-46 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 
Min 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.40 
1.75 
0.40 
1.65 
0.40 
1.75 
ns 


tpHL 
Dna-Dne 
to 0, 0 


tpLH 
Propagation 
Delay 
1.00 
2.60 
1.00 
2.60 
1.15 
3.20 
ns 
Figures 
1 and 2 
tpHL 
Data to F 


tTLH 
Transition 
Time 
0.35 
1.70 
0.35 
1.55 
0.35 
1.70 


tTHL 
20% to 80%, 
80% to 20% 
ns 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 
Mln 
Max 
Min 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.40 
1.55 
0.40 
1.45 
0.40 
1.55 
ns 
tpHL 
Dna-Dne 
to 0, 0 


tpLH 
Propagation 
Delay 
1.00 
2.40 
1.00 
2.40 
1.15 
3.00 
ns 
Figures 
1 and 2 
tpHL 
Data to F 


tTLH 
Transition 
Time 
0.35 
1.60 
0.35 
1.45 
0.35 
1.60 
tTHL 
20% to 80%, 
80% to 20% 
ns 


• 


0'1:!:0'lnSI~~ l r=0.1:!:0.lnS 
u: 


+1.05 
V 
80% 


INPUT 
50% 


1PHl 
I --1------. 
2-0-o/,-O-'_--IP-l-H-- + 0.31 V 


TRUE 
--l 
I 
."j~ ~t.-~~."' 
LJ 


Noles: 
Vcc, VeeA ~ + 2V, VEE = - 2.5V 
L1 and L2 = equal length son impedance 
lines 


AT = 50n 
terminator 
internal 
to scope 
Decoupling 
0.1 /'oF from GND to Vee and VEE 


All unused outputs are loaded with 50n to GND 
CL = Fixture and stray capacitance 
~ 3 pF 


L1,-,, ,l 
RT 
-=- 


Vee 
-=- 


L2 
,-, 
CIRCUIT 
I-I 


UNDER 


\ , 


TEST 
, , 
.1 
1 
RT 
-=- 
-=- 


VEE 
-=- 


COMPLEMENT 
ITLH-j 


~ 
National 
~ 
Semiconductor 


F100107 
Quint Exclusive OR/NOR Gate 


General Description 


The 
F100107 
is monolithic 
quint 
exclusive-OR/NOR 
gate. 
The Function 
output 
is the wire-OR 
of all five exclusive-OR 


outputs. 


Refer to the F100307 
datasheet 
for: 


PCC Packaging 
Lower 
Power 
Military 
Versions 
Extended 
Voltage 
Specs 
(-4.2V 
to -S.7V) 


Connection 
Diagrams 


24-Pln 
DIP 


0, 
1 
24 
O2, 
5, 
2 
23 
01, 


°d 
3 
22 
Old 
5d 
4 
21 
°2d 


r 
5 
20 
°2e 


Vcc 
6 
19 
Ole 


VCCA 
7 
18 
VEE 
5e 
8 
17 
°2b 


°e 
9 
16 
°lb 
5b 
10 
15 
O2• 


°b 
11 
14 
01• 
5. 
12 
13 
0. 


Logic Equation 


F = (D1a 
Ell D2al + (D1b 
Ell D2b) + (D1c 
Ell D2cl + (D1d 
Ell 


D2d) + (D1e 
Ell D2e). 


Pin Names 
Description 


Dna-Dne 
Data Inputs 


F 
Function 
Output 


Oa-Oe 
Data Outputs 


Oa-Oe 
Complementary 
Data Outputs 


24-Pln 
Quad Cerpak 


02d 02e Ole VEE02b 0lb 
• 


.......... _.~. .-.._. --,..--- -,..-_ ..._- -_ .._-- _. - .--.-" --, 
---- 
. 
- 
.....•. 
-._._.- 
_ .. 
__ 
. 
_._- 
"VI 
- - -- 
- - - 


please 
contact 
the 
National 
Semiconductor 
Sales 
VEE Pin Potential 
to Ground 
Pin 
-7.0Vto 
+0.5V 


Office/Distributors 
for availability 
and specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 
Storage 
Temperature 
- 65'C to + 150'C 
Output Current 
(DC Oytput 
HIGH) 
-50mA 
Maximum 
Junction 
Temperature 
(TJ) 
+150'C 
Operating 
Range (Note 2) 
-5.7Vto 
-4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
OrVIL(Min) 
50nto 
-2.0V 


VOHC 
Output HIGH Voltage 
-1035 
mV 
VIN = VIH(Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
orVIL(Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
,...A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
or VIL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
,...A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = VCCA = GND, Tc = O'C to + 85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
,...A 
VIN = VIL (Min) 


Note 
1: Absolute 
maximum ratings are those values beyond which the device may be damaged 
or have its useful life impaired. Functional 
operation 
under these 


conditions 
is not implied. 


Note 
2: Parametric 
values specified at -4.2V 
to -4.8V. 


Note 
3: The specified limits represent 
the "worst case" 
value for the parameter. 
Since these "worst case" 
values normally occur at the temperature 
extremes, 
additional 
noise immunity and guard banding can be achieved 
by decreasing 
the allowable 
system operating 
ranges. 


Note 
4: Conditions for testing shown in the tables are chosen to guarantee 
operation 
under "worst case" 
conditions. 


IIH 
Input HIGH Current 
VIN = VIH (Max) 


D2a-D2e 
250 


I'-A 
D1a-D1e 
350 


lEE 
Power Supply Current 
-96 
-66 
-46 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O·C 
Tc = +2S·C 
Tc = +8S·C 
Units 
Conditions 
Mln 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.55 
1.90 
0.55 
1.80 
0.55 
1.90 
ns 
tpHL 
D2a-D2e 
to 0,a 


tpLH 
Propagation 
Delay 
0.55 
1.70 
0.55 
1.60 
0.55 
1.70 
ns 


tpHL 
D1a-D1e 
to 0,a 
Figures 
1 and 2 


tpLH 
Propagation 
Delay 
1.15 
2.75 
1.15 
2.75 
1.15 
3.00 
ns 


tpHL 
Data to F 


tTLH 
Transition 
Time 
0.45 
1.80 
0.45 
1.65 
0.45 
1.80 


tTHL 
20% to 80%, 
80% to 20% 
ns 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O·C 
Tc = +2S·C 
Tc = +8S·C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.55 
1.70 
0.55 
1.60 
0.55 
1.70 
ns 
tpHL 
D2a-D2e 
to 0,a 


tpLH 
Propagation 
Delay 
0.55 
1.50 
0.55 
1.40 
0.55 
1.50 
ns 
tpHL 
D1a-D1e 
to 0,a 
Figures 
1 and 2 
tpLH 
Propagation 
Delay 
1.15 
2.55 
1.15 
2.55 
1.15 
2.80 
ns 
tpHL 
Data to F 


tTLH 
Transition 
Time 
0.45 
1.70 
0.45 
1.55 
0.45 
1.70 
tTHL 
20% to 80%, 80% to 20% 
ns 


L1,~\ 


VCC 


\ I 


O.l"F 
.1 
1 


RT 


-=- 
-=- 


L2 
,-, 
CIRCUIT 
,-, 


UNDER 


\ 
J 
TEST 
\ , 
l 
1 
RT 
-=- 
-=- 


VEE IO.1 
"F -=- 


-=- 


Noles: 


Vcc, VCCA ~ 
+2V, 
VEE - 
-2.5V 
L1 and L2 = equal length 50n impedance 
lines 
AT = 50n 
terminator 
internal 
to scope 
Decoupling 
0.1 I'F from GND to Vcc and VEE 


All unused outputs are loaded with 50n to GND 
Cl = Fixture and stray capacitance ~ 3 pF 


0.70:0.1nl-j r l 1=0.70:0.1 nl 


INPUT 
~ 
~~% 
:::::: 
~"' 
,~,~ 
Illr"" 
,".J ~ ~ b~' 
L j 


50% 


20% 
I=tTHl 


COMPLEMENT 


l 
TlH--..l 


~ 
National 
~ 
Semiconductor 


F100112 
Quad Driver 


General Description 


The F1 00112 
is a monolithic 
quad 
driver with two OR and 


two NOR outputs 
and common 
enable. 
The common 
input 


is buffered 
to minimize 
input loading. 
If the D inputs 
are not 


used the Enable 
can be used to drive sixteen 
son 
lines. All 


inputs 
have 
50 kn 
pull-down 
resistors 
and all outputs 
are 


buffered. 


Refer to the F1 00313 
Datasheet 
for: 


PCC packaging 
Lower 
power 
Military versions 
Extended 
voltage 
specs 
(-4.2V 
to -S.7V) 


0" 
D. 
0•• 
01. 
02a 
0,. 


D. 
0•• 
0,. 
0•• 


O'e 


De 
O'e 
O,e 


02C 
O,d 


Dd 
O.d 


E 
O,d 
O.d 


Tl/F/9839-1 


02d 
24 
O'd 


O'e 
23 
02d 


O'e 
22 
0td 


02e 
4 
2, 
Dd 


O,e 
5 
20 
De 


VCC 
6 
19 
E 


VCCA 
7 
18 
Vcr 


0t. 
8 
17 
D. 


02. 
9 
16 
D. 


0,. 
10 
15 
0,. 


02. 
11 
14 
02. 


02. 
12 
13 0,. 


Pin Names 
Description 


Da-Dd 
Data Inputs 


E 
Enable 
Input 


Ona-Ond 
Data Outputs 


ana-and 
Complementary 
Data Outputs 


24-Pin 
Quad Cerpak 


Dd De 
E VEED. D. 


O,d 
1 


02d 
2 


O,d 
3 


02d 
4 


02e 
5 


O'e 
6 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 


If Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
under Bias (Tcl 
O'Cto 
+ 85'C 


please 
contact 
the 
National 
Semiconductor 
Sales 
VEE Pin Potential 
to Ground 
Pin 
-7.0Vto 
+0.5V 
Office/Distributors 
for availability 
and specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 
Storage 
Temperature 
- 65'C to + 150'C 
Output Current 
(DC Output 
HIGH) 
-50mA 
Maximum 
Junction 
Temperature 
(TJ) 
+150'C 
Operating 
Range (Note 2) 
-5.7Vto 
-4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V. 
VCC = VCCA = GND. Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
orVIL(Min) 
500. to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
orVIL 
(Max) 
500. to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
JJ-A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.2V. 
VCC = VCCA = GND. Tc = O'C to + 85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
500. to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
or VIL (Max) 
500. to -2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
JJ-A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.8V. 
VCC = VCCA = GND. Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL(Min) 
500. to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLe 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
500. to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
JJ-A 
VIN = VIL (Min) 


Note 
1: Absolute 
maximum 
ratings 
BfB those values beyond 
which the device 
may be damaged 
or have its usefuillfe 
impaired. 
Functional 
operation 
under these 


conditions 
is not implied. 


Note 2: Parametric values specified at -4.2V 
to -4.8V. 


Note 
3~ 1'he speciiied 
limits represent 
the "worst 
case" 
va\ua 
10r the parameter. 
Since 
these 
"worst 
case" 
values 
normally 
occur 
at the temperature 
extremes, 


additional 
noise immunity and guard banding 
can be aChieved 
by decreasing 
the allowable 
system 
operating 
ranges. 


Note 
4: Conditions 
for testing shown in the tables 
are chosen 
to guarantee 
operation 
under "worst 
case" 
conditions. 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V 
unless 
otherwise 
specified, 
Vee = VeeA = GND, Te = O'C to +85'C 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


IIH 
Input HIGH Current 
VIN = VIH (Max) 


Data 
550 
I-'A 
Enable 
450 


lEE 
Power Supply Current 
-106 
-73 
-51 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = erc 
Tc = +2S'C 
Tc = +8S'C 
Units 
Conditions 
Min 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.55 
1.50 
0.55 
1.40 
0.45 
1.60 
ns 


tpHL 
Data to Output 


tpLH 
Propagation 
Delay 
0.65 
2.00 
0.65 
1.90 
0.65 
2.00 
ns 
Figures 
1 and 2 
tpHL 
Enable to Output 


tTLH 
Transition 
Time 
0.45 
1.60 
0.45 
1.50 
0.45 
1.60 
ns 


tTHL 
20% to 80%, 
80% to 20% 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +2S'C 
Tc = +8S'C 
Units 
Conditions 


Min 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.55 
1.30 
0.55 
1.20 
0.45 
1.40 
ns 
tpHL 
Data to Output 


tpLH 
Propagation 
Delay 
0.65 
1.80 
0.65 
1.70 
0.65 
1.80 
ns 
Figures 
1 and 2 
tpHL 
Enable to Output 


tTLH 
Transition 
Time 
0.45 
1.50 
0.45 
1.40 
0.45 
1.50 
tTHL 
20% to 80%, 80% to 20% 
ns 


• 


0.7:1:0.1nS-J 
- l 
1=0.7:1:0.1 
ns 


'N'", 
\J 
J(.':T 
n'" 
i\ 
. 
------+0.31 
V 


,,," ~ ~ t'''' 
LJ 


t 


SCOPE 
(\Ll 
CHANA 
\ 
I 
RT I 
":" 
500 


500 


500 


500 


500 


500 


500 


500 


":" 


Notes: 
Vee. VeeA ~ 
+2V, 
VEE ~ 
-2.5V 
L1 and L2 = equal length son impedance 
lines 
AT = 50n 
terminator 
internal to scope 
Decoupling 
0.1 /LF from GND to Vcc and VEE 
All unused outputs are loaded with 50n to GND 
Cl 
= Fixture and stray capacitance 
:s:3 pF 


Pin numbers shown are for flatpak; for DIP see logic symbol 


*O.I/LF 


24 
23 
22 
21 
20 
111 
18 


COMPLEMENT 
tTLH---.j 


~National 
~ 
Semiconductor 


F100113 
Quad Driver 


General Description 
The F100113 is a monolithic quad driver with two OR and 
two NOR outputs and common enable. The common input 
is buffered to minimize input loading. If the D inputs are not 
used the Enable can be used to drive sixteen 50n lines. All 
inputs have 50 kn pull-down resistors and all outputs are 
buffered. 


Refer to the F100313 Datasheet for: 


PCC Packaging 
Lower Power 
Military Versions 
Extended Voltage Specs (-4.2V 
to -5.7V) 


Ordering Code: See Section 8 


Logic Symbol 


Connection 
Diagrams 


24-Pln DIP 


°2d 
24 
O'd 


°2e 
23 
°2d 


O'e 
22 
O'd 


°2e 
4 
2' 
Dd 


O'e 
5 
20 
De 


Vcc 
6 
19 
E 


VCCJ. 
7 
'8 
VEE 


O'b 
8 
'7 
~ 


°2b 
9 
16 
D. 


O'b 
'0 
'5 
0,. 


°2b 
11 
14 
°2. 


°2. 
12 
'3 
°la 


TL/F/9840-1 


Pin Names 
Description 


Da-Dd 
Data Inputs 
E 
Enable Input 
ana-and 
Data Outputs 
ana-and 
Complementary Data Outputs 


O'd 
' 
02d 
2 


Old 
3 


02d 
4 


02e 
5 


Ole 
6 
• 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
under Bias (Tcl 
O'Cto 
+85'C 


please 
contact 
the 
National 
Semiconductor 
Sales 
VEE Pin Potential 
to Ground 
Pin 
-7.0Vto 
+0.5V 
Office/Distributors 
for availability 
and specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 


Storage 
Temperature 
- 65'C to + 150'C 
Output Current 
(DC Output 
HIGH) 
-50mA 


Maximum 
Junction 
Temperature 
(TJ) 
+ 150'C 
Operating 
Range (Note 2) 
-5.7Vto 
-4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
orVIL(Min) 
500. to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH(Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
500. to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
JJ-A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = VCCA = GND, Tc = O'C to + 85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
500. to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
I 
-1595 
or VIL (Max) 
500. to -2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
JJ-A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL(Min) 
500. to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = ViH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
500. to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
JJ-A 
VIN = VIL (Min) 


Note 
1: Absolute 
maximum 
ratings are those values beyond 
which the device 
may be damaged 
or have its useful life impaired. 
Functional 
operation 
under these 


conditions 
is not implied. 


Note 2: Parametric values specified at -4.2V 
to -4.8V. 


Note 
3: The 
specified 
limits represent 
the "worst 
case" 
value for the parameter. 
Since these 
"worst 
case" 
values 
normally 
occur at the temperature 
extremes, 


additional 
noise immunity and guard banding 
can be achieved 
by decreasing 
the allowable 
system 
operating 
ranges. 


Note 
4: Conditions 
for testing shown in the tables are chosen 
to guarantee 
operation 
under "worst 
case" 
conditions. 


-J"-- 
-- 


IIH 
Input HIGH Current 


Data 
550 
!-LA 
VIN = VIH (max) 
Enable 
350 


lEE 
Power Supply Current 
-116 
-60 
-56 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.6V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 
Min 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.45 
1.40 
0.45 
1.35 
0.45 
1.40 
ns 
tpHL 
Data to Output 


tPLH 
Propagation 
Delay 
0.55 
1.90 
0.55 
1.90 
0.55 
1.90 
ns 
Figures 
1 and 2 


tpHL 
Enable to Output 


tTLH 
Transition 
Time 
0.45 
1.60 
0.45 
1.50 
0.45 
1.60 
ns 


tTHL 
20% to 60%, 
60% to 20% 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.6V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 
Min 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.45 
1.20 
0.45 
1.15 
0.45 
1.20 
ns 
tpHL 
Data to Output 


tpLH 
Propagation 
Delay 
0.55 
1.70 
0.55 
1.70 
0.55 
1.70 
ns 
Figures 
1 and 2 


tPHL 
Enable to Output 


tTLH 
Transition 
Time 
0.45 
1.50 
0.45 
1.40 
0.45 
1.50 


tTHL 
20% to 60%, 60% to 20% 
ns 


SOO 


SOl! 


17 


SOl! 


16 
-= 
SOO 


15 


SOO 


14 
son 


son 


1~\L2 


\ 
II 


RT 
-= 


0.7"'0.1 nS-J){I- l 
1=0.7"'0., 
n. 


_ 
~ 
+1.05V 
80% 


INPUT 
50% 


I 
20% 
+0.31 V 


TRUE 
tpHL--j 1- 


,.,J ~ ~ t".. 
~J ~'"' 


COMPLEMENT 


tTLH-.j 


Decoupling 
0.1 "F from GND to Vcc and VEE. 


All unused outputs are loaded with 50n to GND. 


CL = Fixture and stray capacitance 
:s:: 3 pF. 


Pin numbers 
shown are for f1atpak; for DIP see logic 


symbol. 


~National 
~ 
Semiconductor 


F100114 
Quint Differential Line Receiver 


General Description 


The Fl 00114 is a monolithic quint differential line receiver 
with emitter-follower outputs. An internal reference supply 
(Vaa) is available for single-ended reception. When used in 
single-ended operation the apparent input threshold of the 
true inputs is 25 mV to 30 mV higher (positive) than the 
threshold of the complementary inputs. Unlike other FlOOK 
ECl devices. the inputs do not have input pull-down resis- 
tors. 


Active current sources provide common-mode rejection of 
1.0V in either the positive or negative direction. A defined 
output state exists if both inverting and non-inverting inputs 
are at the same potential between VEE and Vcc. The de- 
fined state is logic HIGH on the oa-oe 
outputs. 


Refer to the Fl00314 datasheet for: 


PCC packaging 
lower power 
Military versions 
Ex1endedvoltage specs (-4.2V 
to -5.7V) 


Pin Names 
Description 


Da-De 
Data Inputs 
Oa-Oe 
Inverting Data Inputs 
Oa-Oe 
Data Outputs 
oa-oe 
Complementary Data Outputs 


24-Pln Quad Cerpak 


Dc 
Dc Vas VEE Db 
~ 


D. 


D. 


16 
D. 


15 
O. 


14 
Db 


°b • 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired 
(Note 
1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
under Bias (Tcl 
O'Cto 
+85'C 
please 
contact 
the 
National 
Semiconductor 
Sales 
VEE Pin Potential 
to Ground 
Pin 
- 7.0V to + 0.5V 
Office/Distributors 
for 
availability 
and 
specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 
Storage 
Temperature 
- 65'C to + 150'C 


Maximum 
Junction 
Temperature 
(TJ) 
+150'C 
Output Current 
(DC Output 
HIGH) 
-50mA 


Operating 
Range (Note 2) 
-5.7Vto 
-4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = VCCA = GND, Tc = O'C to +85°C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
orVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50nto 
-2.0V 


Vss 
Output 
Reference 
Voltage 
-1380 
-1320 
-1260 
mV 
lySS = - 250 I'-A 


VIH 
Single-Ended 
-1165 
mV 
Guaranteed 
HIGH Signal for All 
Input HIGH Voltage 
Inputs (with one input tied to Vss) 


VIL 
Single-Ended 
-1475 
mV 
Guaranteed 
LOW Signal for All 
Input LOW Voltage 
Inputs (with one input tied to Vss) 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = VCCA = GND, Tc = O°C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
orVIL(Max) 
50nto 
-2.0V 


Vss 
Output 
Reference 
Voltage 
-1396 
-1320 
-1244 
mV 
lySS = - 250 I'-A 


VIH 
Single-Ended 
-1150 
mV 
Guaranteed 
HIGH Signal for All 
Input HIGH Voltage 
Inputs (with one input tied to Vss) 


VIL 
Single-Ended 
-1475 
mV 
Guaranteed 
LOW Signal for All 
Input LOW Voltage 
Inputs (with one input tied to Vss) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
or VIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50n 
to -2.0V 


Vss 
Output 
Reference 
Voltage 
-1396 
-1320 
-1244 
mV 
lySS = - 250 I'-A 


VIH 
Single-Ended 
-1165 
mV 
Guaranteed 
HIGH Signal for All 
Input HIGH Voltage 
Inputs (with one input tied to Vss) 


VIL 
Single-Ended 
-1490 
mV 
Guaranteed 
LOW Signal for All 


Input LOW Voltage 
Inputs (with one input tied to VSS) 


Note 1: Absolute 
maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional 
operation 
under these 
conditions 
is not implied. 


Note 2: Parametric values specified at -4.2V 
to -4.8V. 


Note 3: The specified 
limits represent the "worst 
case" value for the parameter. 
Since these "worst 
case" values normally occur at the temperature 
extremes, 


additional 
noise immunity and guard banding can be achieved by decreasing 
the allowable system operating 
ranges. 


Note 4: Conditions 
for testing shown in the tables are chosen to guarantee 
operation 
under "worst 
case" conditions, 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V 
unless 
otherwise 
specified. 
VCC = VCCA = GND. Tc = O·C to +85·C 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


VDIFF 
Input Voltage 
Differential 
150 
mV 
Required 
for Full Output SWing 


VCM 
Common 
Mode Voltage 
1.0 
V 
Permissible 
±VCM 


with Respect 
to Vss 


IIH 
Input HIGH Current 
50 
".A 
VIN = VIH (Max). De-De = Vss. 


De-De 
= VIL (Min) 


Icso 
Input Leakage 
Current 
-10 
".A 
VIN = VEE. De-De = Vss, 


De-De 
= VIL (Min) 


lEE 
Power Supply Current 
-106 
-73 
-51 
mA 
De-De = VSS. De-De = VIL (Min) 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -4.8V, 
VCC = VCCA = GND 


Symbol 
Parameter 
Tc = O·C 
Tc = +25·C 
Tc = +85·C 
Units 
Conditions 
Min 
Max 
Min 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.55 
1.90 
0.60 
2.00 
0.70 
2.40 
ns 


tpHL 
Data to Output 
Figures 
1 and 2 


tTLH 
Transition 
Time 
0.55 
1.30 
0.45 
1.20 
0.45 
1.40 


tTHL 
20% to 80%. 
80% to 20% 
ns 


Cerpak AC Electrical Characteristics 
VEE = -4.2V 
to -4.8V, 
VCC = VCCA = GND 


Symbol 
Parameter 
Tc = O·C 
Tc = +25·C 
Tc = +85·C 
Units 
Conditions 
Mln 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.55 
1.70 
0.60 
1.80 
0.70 
2.20 
ns 
tpHL 
Data to Output 
Figures 
1 and 2 
tTLH 
Transition 
Time 
0.55 
1.20 
0.45 
1.10 
0.45 
1.30 
tTHL 
20% to 80%. 
80% to 20% 
ns 


• 


CIRCUIT 
UNDER 
TEST 


0.7±0.1ns_1 
- l 
r=0.7±0.1 
ns 


~ 
~ 


+1.05V 
80% 


INPUT 
50% 


I 


20% 
'''' 
_I---j---'-P-LH-- 
+0.31V 


''''- 
~ 
~ 
~%."' 
LJ 


Notes: 


Vcc. VCCA - 
+ 2V. VEE ~ 
- 2.5V 
L1 and L2 = equal length son impedance 
lines 
AT = 50n 
terminator 
internal to scope 
Decoupling 
0.1 IJoF from GND to Vcc and VEE 
All unused outputs are loaded with 50n to GND 
CL = Fixture and stray capacitance 
~ 3 pF 


COMPLEMENT 
tTLH_1 


~National 
~ 
Semiconductor 


F100115 
Low-Skew Quad Clock Driver 


General Description 


The F1 00115 
contains 
four low skew differential 
drivers, 
de- 


signed 
for generation 
of multiple, 
minimum 
skew differential 


clocks 
from 
a single differential 
input. This device 
also has 


the 
capability 
to 
select 
a 
secondary 
single-ended 
clock 


source 
for use in lower frequency 
system 
level testing. 


Features 


• 
Low output 
to output 
skew (,;;75 psI 


• 
Differential 
inputs 
and outputs 


• 
Small outline 
package 
• 
Ideal for applications 
which 
require 
the 
low skew 
distri- 
bution 
of a clock 
signal to multiple 
outputs 


• 
Secondary 
clock 
available 
for system 
level testing 


Pin Names 
Description 


CLKIN, CLKIN 
Differential 
Clock Inputs 


CLK1_4, CLK1_4 
Differential 
Clock Outputs 


TCLK 
Test Clock Inputt 


CLKSEL 
Clock Input Selectt 


CLKSEL 
CLKIN 
CLKIN 
TCLK 
CLKN 
CLKN 


L 
L 
H 
X 
L 
H 


L 
H 
L 
X 
H 
L 


H 
X 
X 
L 
L 
H 


H 
X 
X 
H 
H 
L 


L - 
Low Voltage Level 


H - 
High Voltaga Level 


X - 
Don't Care 


CLK4 


CLK4 


CLKIN 


VEE 


CLK1 


CLK' 


CLK2 


CLK2 


VCCA 


TCLK 


CLKIN 


VEE 


CLK4 


CLK4 


CLK3 


CLK3 


Vcc 


ClKSEL 


• 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired 
(Note 
1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
under Bias (Tcl 
O'Cto 
+85'C 


please 
contact 
the 
National 
Semiconductor 
Sales 
VEE Pin Potential 
to Ground 
Pin 
-7.0Vto 
+0.5V 


Office/Distributors 
for availability 
and specifications. 
Input Voltage 
(DC) 
Vccto 
+0.5V 
Storage 
Temperature 
- 65'C to + 150'C 
Output Current 
(DC Output 
HIGH) 
-50mA 
Maximum 
Junction 
Temperature 
(TJ) 
+ 150'C 
Operating 
Range (Note 2) 
-5.7Vto 
-4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH(Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
OrVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH(Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
OrVIL(Max) 
50n 
to -2.0V 


VIH 
Single-Ended 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 


Input HIGH Voltage 
for All Inputs 


VIL 
Single-Ended 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 


Input LOW Voltage 
for All Inputs 


IlL 
Input LOW Current 
0.50 
p.A 
VIN = VIL(Min) 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH(Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH(Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
orVIL(Max) 
50n 
to -2.0V 


VIH 
Single-Ended 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 


Input HIGH Voltage 
for All Inputs 


VIL 
Single-Ended 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 


Input LOW Voltage 
for All Inputs 


IlL 
Input LOW Current 
0.50 
p.A 
VIN = VIL(Min) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = VCCA = GND, TC = O°C to + 85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH(Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH(Mln) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
orVIL(Max) 
50n 
to -2.0V 


VIH 
Single-Ended 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
Input HIGH Voltage 
for All Inputs 


VIL 
Single-Ended 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 


Input LOW Voltage 
for All Inputs 


IlL 
Input LOW Current 
0.50 
p.A 
VIN = VIL(Min) 


Note 
1: Absolute 
maximum ratings are those values beyond which the device may be damaged 
or have its useful life impaired. Functional 
operation 
under these 


condilionsis not implied. 


Hote 2: Parametric values specified at -4.2V 
to -4.8V. 


Note 
3: The specified 
limits represent 
the "worst case" 
value for the parameter. 
Since these "worst case" 
values normally occur at the temperature 
extremes, 


additional 
noise immunity and guard banding can be achieved 
by decreasing 
the allowable 
system operating 
ranges. 


Note 
4: Conditions for testing shown in the tables are chosen to guarantee 
operation 
under "worst case" 
conditions. 


DC Electrical 
Characteristics 


VEE = 
-4.2V 
to -4.8V 
unless 
otherwise 
specified, 
Vee = VeeA = GND, Te = O·C to +85·C 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


VDIFF 
Input Voltage 
Differential 
150 
mV 
Required 
for Full Output Swing 


VeM 
Common 
Mode Voltage 
Vee 
- 
2V 
Vee 
- 
0.5V 
V 


IIH 
Input High Current 
VIN = VIH(Max) 
CLKIN, CLKIN 
107 
J-LA 


TCLK 
300 
J-LA 


CLKSEL 
260 
J-LA 


leBO 
Input Leakage 
Current 
-10 
J-LA 
VIN = VEE 


lEE 
Power Supply Current 
-70 
-30 
mA 


AC Electrical 
Characteristics 


VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O·C 
Tc = +2S·C 
Tc = +8S·C 
Units 
Conditions 


Min 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay CLKIN, 
0.63 
0.83 
0.65 
0.85 
0.70 
0.93 
ns 
Figures 
1,3 
tpHL 
CLKIN to CLK(1_4), CLK(1_4) 


tpLH 
Propagation 
Delay, TCLK 
0.50 
1.20 
0.50 
1.20 
0.50 
1.20 
ns 
Figures 
1,2 
tpHL 
to CLK(1_4), CLK(1_4) 


tpLH 
Propagation 
Delay, CLKSEL 
0.60 
1.40 
0.60 
1.40 
0.60 
1.40 
ns 
Figures 
1,2 
tpHL 
to CLK(1_4), CLK(1_4) 


tSG-G 
Skew Gate to Gate (Note 1) 
75 
75 
75 
ps 


tTLH 
Transition 
Time 
0.35 
0.80 
0.30 
0.75 
0.25 
0.75 
Figures 
1,4 
tTHL 
20% to 80%, 80% to 20% 
ns 


Note 
1: Maximum output skew for anyone 
device. 


+2V 


I SCOPE 
CHANB 
L1 
YO.Ol1J'F 
'':1.. r, - 
L3 
12 
- 
- 
SCOPE 
CHANCI 
I SCOPE 
CHANA~I 
- 


Vee 
VeCA 
.'l. 
ClK1 
,- 
l4 
SCOPE 
CHANDI 
..L 


,. 
ClKIN 
- 
ClK1 
- 
,. 
DIFFERENTIAL..L 


PULSE 
- 
..L 


GENERATOR - ,- 
ClKIN 
ClK2 LII- -- 
..L- 
ClK2 
- 
LII- 


ClK3 Ljl- 


ClK3 
H'~ 


ClKSEl 
Lil- 


ClK4 
H'~ 


TClK 
YI- 


ClK4 
VEE 
y'l- 
-==- 


IO.Ol1J'F 
-==- 
-- 
-2.5V 
Tl/F/9842-3 


Note 
1: Shown for testing eLKIN to CLK1 in the differential 
mode. 


Note 2: L1, L2, L3 and L4 - 
equal length son impedance 
lines. 


Note 3: All unused inputs and outputs are loaded with 50n in parallel with ~ 3 pF to GND. 


Note 4: Scope should have 50n 
input terminator 
internally. 


FIGURE 
1. AC Test 
Circuit 
• 


CLK(1-4) 
~~ 
J<~OUTPUTS (NOTE 1) 


CLK(I-4) 
TL/F/9842-4 


FIGURE 
2. Propagation 
Delay, TCLK, CLKSEL 
to Outputs 


CLKIN t~ ~~ 


1.05V 


INPUTS 


CLKIN 
O.3IV 


CLK(1-4) 
TRUE 
OUTPUTS 
(NOTE I) 


CLK(I-4) 
COtolPLEtolENT 
TLIF/9842-5 


FIGURE 
4. Transition 
Times 


Note 
1: The output to output skew. which is defined as the difference 
in the propagation 
delays between each of the four outputs on anyone 
100115 shall not 


exceed 75 ps. 
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National 
~ 
Semiconductor 


F100117 
Triple 2-Wide OA/OAI Gate 


General Description 
The F100117 is a monolithic triple 2-wide OR/AND gate 
with true and complement outputs. All inputs have 50 kfi 
pull·down resistors and all outputs are buffered. 
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Pin Names 
Description 


Dna-One 
Data Inputs 
Ea-Ee 
Enable Inputs 
Oa-Oe 
Data Outputs 
Da-De 
Complementary Data Outputs 


24·Pln Quad Cerpak 


02b 01 b Ee VEE Eb r. 


• 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
under Bias (Tcl 
O'Cto 
+ 85'C 


please 
contact 
the 
National 
Semiconductor 
Sales 
VEE Pin Potential 
to Ground 
Pin 
-7.0Vto 
+0.5V 
Office/Distributors 
for availability 
and specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 
Storage 
Temperature 
-65'C 
to + 150'C 
Output Current 
(DC Output 
HIGH) 
-50mA 
Maximum 
Junction 
Temperature 
(TJ) 
+ 150'C 
Operating 
Range (Note 2) 
-5.7V 
to -4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = VCCA = GND, Tc = O'C to + 85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
OrVIL(Min) 
50nto 
-2.0V 


VOHC 
Output HIGH Voltage 
-1035 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 


for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 


for All Inputs 


IlL 
Input LOW Current 
0.50 
p.A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
orVIL 
(Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 


for All Inputs 


IlL 
Input LOW Current 
0.50 
p.A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = VCCA = GND, Tc = O'C to + 85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
OrVIL(Min) 
50nto 
-2.0V 


VOHC 
Output HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
orVIL 
(Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 


for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 


for All Inputs 


IlL 
Input LOW Current 
0.50 
p.A 
VIN = VIL (Min) 


Note 
1: Absolute 
maximum 
ratings are those values beyond which the device may be damaged 
or have its useful lite impaired. 
Functional 
operation 
under these 


conditKJns is not implied. 


Note 
2: Parametric 
values specified 
at -4.2V 
to -4.8V. 


Note 
3: The specified 
limits represent 
the "worst 
case" 
value for the parameter. 
Since these 
"worst case" 
values 
normally 
occur at the temperature 
extremes, 


additional 
noise immunity and guard banding can be achieved 
by decreasing 
the allowable 
system operating 
ranges. 


Note 
4: Conditions 
for testing shown in the tables are chosen to guarantee 
operation 
under "worst case" 
conditions. 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V 
unless 
otherwise 
specified, 
Vee = VeeA = GND, Te = O'C to +85'C 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


IIH 
Input HIGH Current 
260 
J.LA 
VIN = VIH (Max) 
All Inputs 


lEE 
Power Supply Current 
-79 
-54 
-37 
mA 
Inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +2S'C 
Tc = +8S'C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.90 
2.60 
0.90 
2.50 
0.90 
2.60 
ns 


tpHL 
Data to Output 


tpLH 
Propagation 
Delay 
0.45 
1.40 
0.45 
1.30 
0.45 
1.40 
ns 
Figures 
1 and 2 
tpHL 
Enable to Output 


tTLH 
Transition 
Time 
0.45 
1.30 
0.45 
1.20 
0.45 
1.30 


tTHL 
20% to 80%, 
80% to 20% 
ns 


Cerpak AC Electrical Characteristics 
VEE = -4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +2S'C 
Tc = +8S'C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.90 
2.40 
0.90 
2.30 
0.90 
2.40 
ns 


tpHL 
Data to Output 


tpLH 
Propagation 
Delay 
0.45 
1.20 
0.45 
1.10 
0.45 
1.20 
ns 
Figures 
1 and 2 
tpHL 
Enable to Output 


tTLH 
Transition 
Time 
0.45 
1.20 
0.45 
1.10 
0.45 
1.20 


tTHL 
20% to 80%, 80% to 20% 
ns 
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FIGURE 
1. AC Test 
Circuit 
COMPLEMENT 
20% 
Notel: 
trlH-I 
~tTHL 
Vcc, VCCA- 
+2V,VEE- 
- 2.5V 
L1 and L2 = equal length 50n impedance 
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RT 
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FIGURE 
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Times 


All unused outputs are loaded with 500 to GND 
CL = Fixture and stray capacitance 
s: 3 pF 
• 


F100118 
5-Wide 5, 4, 4, 4, 2 OA/OAI Gate 


General Description 


The 
F1 00118 
is a monolithic 
5-wide 
5, 4, 4, 4, 2 OR/AND 


gate 
with 
true 
complementary 
outputs. 
All 
inputs 
have 


50 kO pull-down 
resistors 
and all outputs 
are buffered. 


Ordering Code: 
See Section 
8 


Logic Symbol 


Connection 
Diagrams 
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Pin Names 
Description 


Dna-One 
Data Inputs 
0,0 
Data Outputs 


24·Pln Quad Cerpak 
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2 
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3 
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03d 
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04d 
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Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
under Bias (Tc) 
O'Cto 
+ 85'C 


please 
contact 
the 
National 
Semiconductor 
Sales 
VEE Pin Potential 
to Ground 
Pin 
- 7.0V to + 0.5V 
Office/Distributors 
for availability 
and specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 
Storage 
Temperature 
-65'C 
to + 150'C 
Output Current 
(DC Output 
HIGH) 
-50mA 


Maximum 
Junction 
Temperature 
(TJ) 
+ 150'C 
Operating 
Range (Note 2) 
-5.7Vto 
-4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = VCCA = GND, Tc = O'C to + 85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
orVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH(Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
p.A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
or VIL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
p.A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 


for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
p.A 
VIN = VIL (M!n) 


Note 
1: Absolute 
maximum 
ratings are those values beyond which the device may be damaged 
or have its useful life impaired. 
Functional 
operation 
under these 
conditions 
is not implied. 


Note 
2: Parametric 
values specified 
at -4.2V 
to -4.8V. 


Note 
3: The specified 
limits represent 
the "worst case" 
value for the parameter. 
Since these 
"worst 
case" 
values 
normally 
occur at the temperature 
extremes, 


additional 
noise immunity and guard banding can be achieved 
by decreasing 
the allowable 
system operating 
ranges. 


Note 
4: Conditions 
for testing shown in the tables are chosen 
to guarantee 
operation 
under "worst case" 
conditions. 


• 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -4.BV 
unless 
otherwise 
specified, 
Vee = VeeA = GND, Te = O'C to + B5'C 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


IIH 
Input HIGH Current 
350 
IJ-A 
VIN = VIH (Max) 
All Inputs 


lEE 
Power Supply Current 
-92 
-69 
-42 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.BV, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 
Min 
Max 
Min 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.B5 
2.50 
0.95 
2.50 
0.95 
2.70 
ns 


tpHL 
Data to Output 
Figures 
1 and 2 


tTLH 
Transition 
Time 
0.45 
1.60 
0.45 
1.50 
0.45 
1.60 
ns 
tTHL 
20% to BO%, BO% to 20% 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.BV, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 
Min 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.B5 
2.30 
0.95 
2.30 
0.95 
2.50 
ns 


tpHL 
Data to Output 
Figures 
1 and 2 


tTLH 
Transition 
Time 
0.45 
1.50 
0.45 
1.40 
0.45 
1.50 


tTHL 
20% to BO%, BO% to 20% 
ns 
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FIGURE 
1. AC Test Circuit 


Noles: 


Vcc. VCCA ~ 
+2V. 
VEE ~ 
-2.5V 


L1 and l2 = equal length son impedance lines 


AT = son terminator 
internal to scope 


Decoupling 
0.1 p.F from GND to Vcc and VEE 


All unused outputs 
are loaded 
with son to GND 


Cl 
= Fixture and stray capacitance s; 3 pF 


0.7±0.1 ns~ r l 
i=0.7±0.1 
ns 
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~National 
~ 
Semiconductor 


F100121 
9-Bit Inverter 


General Description 


The F100121 
is a monolithic 
9-bit inverter. 
The device 
con· 
tains nine inverting 
buffer gates with single input and output. 


All inputs 
have 50 kfi 
pull-down 
resistors. 


Refer to the F100321 
Datasheet 
for: 
pee Packaging 
Lower 
Power 
Military 
Versions 
Extended 
Voltage 
Specs 
(-4.2V 
to -5.7V) 
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Pin Names 
Description 


01-09 
Data Inputs 
01-09 
Data Outputs 
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Office/Distributors 
for availability 
and specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 
Storage 
Temperature 
- 65'C to + 150'C 
Output Current 
(DC Output 
HIGH) 
-50mA 
Maximum 
Junction 
Temperature 
(TJ) 
+ 150'C 
Operating 
Range (Note 2) 
-5.7Vto 
-4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = 
VCCA = 
GND, Tc 
= 
O'C to + 85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN =VIH 
(Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
orVIL(Min) 
500. to - 2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH(Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
orVIL 
(Max) 
500. to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
JLA 
VIN = VIL IMin) 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = 
VCCA = 
GND, Tc 
= 
O'C to + 85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
500. to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
or ViL (Max) 
500. to -2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
JLA 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = 
VCCA = 
GND, Tc 
= 
O'C to + 85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL(Min) 
500. to - 2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
orVIL(Max) 
500. to - 2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
JLA 
VIN = VIL (Min) 


Note 
1: Absolute 
maximum 
ratings are those values beyond which the device may be damaged 
or have its useful life impaired. 
Functional 
operation 
under these 
conditions 
is not implied. 


Note 2: Parametric values specified at -4.2V 
to -4.8V. 


Note 
3: The specified 
limits represent 
the "worst case" 
value for the parameter, 
Since these 
"worst case" 
values 
normally 
occur at the temperature 
extremes, 
additional 
noise immunity and guard banding can be achieved 
by decreasing 
the allowable 
system operating 
ranges. 


Note 
4: Conditions 
for testing shown in the tables are chosen 
to guarantee 
operation 
under "worst case" 
conditions. 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V 
unless 
otherwise 
specified, 
Vee = VeeA = GND, Te = O°C to +85°C 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


IIH 
Input HIGH Current 
350 
p.A 
VIN = VIH (Max) 


lEE 
Power Supply Current 
-96 
-70 
-46 
mA 
Inputs Open 


Ceramic Dual-In-Line Package AC Characteristics 
VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = DOC 
TC = +25°C 
Tc = +85°C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.45 
1.60 
0.45 
1.45 
0.45 
1.60 
ns 


tpHL 
Data to Output 
Figures 
1 and 2 


tTLH 
Transition 
Time 
0.45 
1.50 
0.45 
1.40 
0.45 
1.40 


tTHL 
20% to 80%, 
80% to 20% 
ns 


Cerpak AC Characteristics 
VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = DOC 
Tc = +25°C 
Tc = +85°C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.45 
1.40 
0.45 
1.25 
0.45 
1.40 
ns 


tpHL 
Data to Output 
Figures 
1 and 2 


tTLH 
Transition 
Time 
0.45 
1.40 
0.45 
1.30 
0.45 
1.30 


tTHL 
20% to 80%, 80% to 20% 
ns 


07'0'·'1 r l~0~'01.' 


INPUT 
~% 


'PlHj 
~ 
~ 
-r--'PHl 
+0.31V 
Ir 
180% 


OUTPUT 
L J 
SO% 


'TlH~ 
~~THl 


Tl/F/9845-6 


FIGURE 
2. Propagation 
Delay 
and Transition 
Times 
Notes: 


Vcc. VCCA ~ 
+2V. 
VEE ~ 
-2.5V 


L1 and L2 = equal length 50n 
impedance 
lines 


AT = 50n terminator 
internal to scope. 


Decoupling 
0.1 f'F from GND to Vcc and VEE. 


All unused outputs are loaded with son to GND. 


Cl 
= Fixture and stray capacitance 
s: 3 pF. 


~ 
National 
~ 
Semiconductor 


F100122 
9·Bit Buffer 


General Description 


The 
F100122 
is a monolithic 
9-bit 
buffer. 
The device 
con- 


tains 
nine 
non-inverting 
buffer 
gates 
with 
single 
input 
and 


output. 
All 
inputs 
have 
50 kn 
pull-down 
resistors 
and 
all 


outputs 
are buffered. 


Refer to the F100322 
datasheet 
for: 


pee packaging 
Lower power 
Military 
versions 
Extended 
voltage 
specs 
(- 
4.2V to - 5.7V) 


D,-i>--O, 
D2-i>--0' 
D3-i>--03 
D.-i>--0' 


D,-i>--07 
Da-i>--Oa 


VCCA 
1 


03 
2 


02 
3 


01 
4 


09 
5 


Vcc 
6 


VCCA 
7 


08 
8 


07 
9 


06 
10 


05 
11 


04 
12 


Pin Names 
Description 


01,09 
Data Inputs 


°1,°9 
Data Outputs 


24-Pln Quad Cerpak 


09 
08 VCCAVEE 0, 
06 


01 
1 


O2 
2 


03 
3 


VCCA 
4 


03 
5 


02 
6 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 


If 
MIlitary/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
under Bias (Tcl 
O°Cto 
+85°C 
please 
contact 
the 
National 
Semiconductor 
Sales 
VEE Pin Potential 
to Ground 
Pin 
-7.0V 
to + 0.5V 


Office/Distributors 
for availability 
and specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 


Storage 
Temperature 
- 65°C to + 150°C 
Output Current 
(DC Output 
HIGH) 
-50mA 


Maximum 
Junction 
Temperature 
(TJ) 
+ 150°C 
Operating 
Range (Note 2) 
-5.7V 
to -4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = VCCA = GND, Tc = O°C to +85°C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
orVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH(Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 


for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
IJ-A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = VCCA = GND, Tc = O°C to +85°C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
OrVIL(Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
IJ-A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = VCCA = GND, Tc = O°C to +85°C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
IJ-A 
VIN = VIL (Min) 


Note 
1: Absolute 
maximum 
ratings are those values beyond 
which the device 
may be damaged 
or have its useful life impaired. 
Functional 
operation 
under these 


conditions 
is not implied. 


Note 2: Parametric values specified at -4.2V 
to -4.8V. 


Note 
3: The specified 
limits represent 
the "worst 
case" 
value for the parameter. 
Since these 
"worst 
case" 
values 
normally 
occur at the temperature 
extremes, 


additional 
noise immunity and guard banding 
can be achieved 
by decreasing 
the allowable 
system 
operating 
ranges. 


Note 
4: Conditions 
for testing 
shown in the tables 
are chosen 
to guarantee 
operation 
under "worst 
case" 
conditions. 


DC Electrical Characteristics 
VEE = -4.2V to -4.BV unless otherwise specified, Vee = VeeA = GND, Te = O·Cto +B5·C 


Symbol 


IIH 


lEE 


Units 


JloA 


mA 


Parameter 


Input HIGH Current 


Power Supply Current 


Conditions 


VIN = VIH(Max) 


Inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -2.4V to -4.BV, Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O·C 
T,; = +2S·C 
Tc = +8S·C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation Delay 
0.45 
1.60 
0.45 
1.45 
0.45 
1.60 
ns 


tpHL 
Data to Output 
Figures 
1and 2 


tTLH 
Transition Time 
0.45 
1.50 
0.45 
1.40 
0.45 
1.40 


tTHL 
20% to BO%,BO%to 20% 
ns 


".::'""1[ 14;:"'" 


tPHLj r ~ 


ITHLJ ~ 


Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.BV, Vee = VeeA = GND 


Tc = O·C 


Min 
Max 


TC = +8S·C 


Min 
Max 


TC = +2S·C 


Mln 
Max 


Propagation Delay 
Data to Output 


Transition Time 
20% to BO%,80% to 20% 


c.r, 
I SCOPE 
\ , 
I CHAN A 
l 
RT 


Vcc 


-= 


L2 
I. 
PULSE 
I ,-, 
CIRCUIT 
,-, 
I SCOPE 


GENERATOR. 
UNDER 
I CHAN B 
\ , 
TEST 
\ , 


~ 
J- 
RT 


VEE 
-== 


TL/F/9846-S 


!':IPLH 


80% 


150% 
20% 


llTLH 


TL/F/9646-6 


FIGURE 2. Propagation Delay and Transition Times 
Nole.: 
vcc, 
VCCA ~ +2V, VEE ~ 
-2.5V 
L1 and L2 = equal length son impedance 
lines 
RT = 50n terminator 
internal to scope 
Decoupling 
0.1 I'F from GND to Vcc and VEE 


All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance 
~ 3 pF 
• 


~ 
National 
~ 
Semiconductor 


F100123 
Hex Bus Driver 


General Description 


The F1 00123 
is a monolithic 
device 
containing 
six bus driv- 


ers capable 
of driving 
terminated 
lines with terminations 
as 


low as 250. 
To reduce 
crosstalk, 
each 
output 
has its re- 


spective 
ground 
connection. 
Transition 
times were designed 


to be longer 
than on other 
F100K 
devices. 
The driver 
itself 


performs 
the positive 
logic AND of a data input (01-06) 
and 


the OR of two select 
inputs 
(E and either 
DE1' DE2 or DEs). 


Enabling 
of data is possible 
in multiples 
of two, Le., 2, 4 or 


all 6 paths. All inputs 
have 50 kO pull-down 
resistors. 


The output voltage 
lOW 
level is designed 
to be more nega- 
tive than normal 
ECl 
outputs 
(cut off state). 
This allows 
an 


emitter-follower 
output 
transistor 
to turn off when 
the termi- 


nation 
supply 
is -2.0V and thus present 
a high impedance 


to the data bus. 


Pin Names 
Description 


D1-D6 
Data Inputs 


DE1-DEs 
Dual Enable Inputs 


E 
Common 
Enable 
Input 


01-06 
Data Outputs 


o. 
r 


Connection 
Diagrams 


24·Pln DIP 
24·Pln Quad Cerpak 


06 DE3 E VEE DE2 DE, 


VCCA 
1 
24 
°6 


°5 
2 
23 
0. 


VCCA 
3 
22 
05 


0. 
4 
21 
06 


VCCA 
5 
20 
OE3 


Vcc 
6 
19 
E 


VCCA 
7 
18 
VEE 


°1 
8 
17 
OE2 


VCCA 
9 
16 
DE, 


°2 
10 
15 
0, 


VCCA 
11 
14 
O2 


°3 
12 
13 
03 


TL/F/9847-1 


3-46 


05 
1 


04 
2 


06 
3 


VCCA 
4 


05 
5 


VCCA 
6 


II 
•••••••• 
_., 
••..•• _. 
__ 
,. ____ 
.- 
_______ 


please 
contact 
the 
National 
Semiconductor 
Sales 
Input Voltage 
(DC) 
VEEto 
+0.5V 
Office/Distributors 
for availability 
and specifications. 
Output Current 
(DC Output 
HIGH) 
-50mA 
Storage 
Temperature 
- 65·C to + 150·C 
Operating 
Range (Note 2) 
-5.7Vto 
-4.2V 
Maximum 
Junction 
Temperature 
(TJ) 
+150·C 


Case Temperature 
under Bias (Tc) 
O·Cto 
+85·C 


DC Electrical Characteristics 


VEE = 
-4.5V, 
VCC = VCCA = GND, Tc = O·C to + 85·C (Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


orVIL 
(Min) 
250 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH (Min) 
Loading 
with 


orVIL(Min) 
250 
to -2.0V 


VOL 
Output 
LOW Voltage 
-2200 
mV 
VIN = VIH (Min) 
Loading 
with 


Cut-Off 
State 
or VIL (Max) 
250 
to -2.3V 


VIH 
Input HIGH Voltage 
. -1165 
-880 
mV 
Guaranteed 
HIGH Signal 


for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 


for All Inputs 


IlL 
Input LOW Current 
0.50 
fLA 
VIN = VIL (Min) 


DC Electrical Characteristics 


VEE = 
-4.2V, 
VCC = VCCA = GND, Tc = O·C to +85·C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


orVIL(Min) 
250 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


or VIL (Max) 
250 
to -2.0V 


VOL 
Output 
LOW Voltage 
-2200 
mV 
VIN = VIH (Min) 
Loading 
with 


Cut-Off 
State 
or VIL (Max) 
250 
to -2.3V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 


for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 


for All Inputs 


IlL 
Input LOW Current 
0.50 
fLA 
VIN = VIL (Min) 


Note 
1: Absolute 
maximum ratings are those values beyond which the device may be damaged 
or have its useful life impaired. Functional operation 
under these 
conditions is not implied. 


Note 
2: Parametric 
values specified at -4.2V 
to -4,8V. 


Note 
3: The specified limits represent 
the "worst case" 
value for the parameter. 
Since these "worst case" 
values normally occur at the temperature 
extremes. 


additional noise immunity and guard banding can be achieved 
by decreasing 
the allowable 
system operating ranges. 


Note 
4: Conditions for testing shown in the tables are chosen to guarantee 
operation 
under "worst case" 
conditions. 
• 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = VCCA = GND, Tc = O°C to +85°C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


orVIL(Min) 
250 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


orVIL(Max) 
250 
to -2.0V 


VOL 
Output 
LOW Voltage 
-2200 
mV 
VIN = VIH (Min) 
Loading 
with 


Cut-Off 
State 
or VIL (Max) 
250 
to -2.3V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 


for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 


for All Inputs 


IlL 
Input LOW Current 
0.50 
Il-A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V 
unless 
otherwise 
specified, 
VCC = VCCA = GND, Tc = O°C to +85°C 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


IIH 
Input HIGH Current 


Common 
Enable 
330 
Il-A 
VIN = VIH (Max) 


Data and Dual Enable 
260 


lEE 
Power Supply Current 
-235 
-170 
-113 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -4.8V, 
VCC = VCCA = GND 


Symbol 
Parameter 
Tc = DOC 
Tc = +25°C 
Tc = +85°C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
2.00 
4.30 
1.95 
4.30 
2.00 
4.60 


tpHL 
Data to Output 
1.00 
2.40 
1.00 
2.40 
1.10 
2.60 
ns 


tpLH 
Propagation 
Delay 
2.30 
4.70 
2.00 
4.70 
2.30 
5.10 


tpHL 
Dual Enable to Output 
1.40 
3.00 
1.40 
3.00 
1.40 
3.40 
ns 


Figures 
1 and 2 


tpLH 
Propagation 
Delay 
2.60 
5.40 
2.50 
5.30 
2.80 
5.80 


tpHL 
Common 
Enable to Output 
1.50 
3.20 
1.50 
3.30 
1.50 
3.60 
ns 


tTLH 
Transition 
Time 
0.70 
2.10 
0.70 
1.80 
0.70 
2.20 


tTHL 
20% to 80%, 80% to 20% 
0.45 
1.40 
0.45 
1.30 
0.45 
1.40 
ns 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V, 
VCC = VCCA = GND 


Symbol 
Parameter 
Tc = DOC 
Tc = +25°C 
Tc = +85°C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
2.00 
4.10 
1.95 
4.10 
2.00 
4.40 


tpHL 
Data to Output 
1.00 
2.20 
1.00 
2.20 
1.10 
2.40 
ns 


tpLH 
Propagation 
Delay 
2.30 
4.50 
2.00 
4.50 
2.30 
4.90 


tpHL 
Dual Enable to Output 
1.40 
2.80 
1.40 
2.80 
1.40 
3.20 
ns 


Figures 
1 and 2 
tpLH 
Propagation 
Delay 
2.60 
5.20 
2.50 
5.10 
2.80 
5.60 


tpHL 
Common 
Enable to Output 
1.50 
3.00 
1.50 
3.10 
1.50 
3.40 
ns 


tTLH 
Transition 
Time 
0.70 
2.00 
0.70 
1.70 
0.70 
2.10 


tTHL 
20% to 80%, 
80% to 20% 
0.45 
1.30 
0.45 
1.20 
0.45 
1.30 
ns 


Note 
3: The specified 
limits represent 
the "worst 
case" 
value for the parameter. 
Since these 
"worst 
case" 
values 
normally 
occur at the temperature 
extremes, 


additional 
noise Immunity 
and guard banding 
can be achieved 
by decreasing 
the allowable 
system 
operating 
ranges. 


Note 
4: Conditions 
for testing 
shown 
In the tables 
are chosen 
to guarantee 
operation 
under 
"worst 
case" 
conditions. 


1.05V 


16 
25n 
15 


25 n 


Vcc 


L2,-, 
SCOPE 
\ I 
CHAN 
B 
I25•FJ,. 
RT 


0.7;00.1 nS1 r lrO.7;oO.1 
ns 


+1.05 
V 


'"'" 
~ 
•. 
~_2_05._t_%_% 
+ 0.31 V 


tPHL~ 
r 
-J 


Nol •• : 


VCC. VCCA = +2V. VEE - 
-2.5V 


L1 and L2 - 
equal length 50n impedance 
lines 


RT "'" 50n terminator 
Internal 
to scope 


Decoupling 
0.1 p.F from GND to VCC and VEE 


All unused outputs are loaded with 50n to GND 


CL = Fixture and stray capacitiance 
s: 3 pF 


Pin numbers 
shown are for flatpak; for DIP see 


logic symbol 


• 


~National 
~ 
Semiconductor 


F100124 
Hex TTL-to-ECL Translator 


General Description 


The 
F1 00124 
is a hex translator, 
designed 
to convert 
TIl 


logic levels 
to 100K 
ECl 
logic 
levels. 
The inputs 
are com- 
patible 
with 
standard 
or Schottky 
TIL. 
A common 
Enable 


input 
(E), when 
lOW, 
holds 
all inverting 
outputs 
HIGH and 


holds 
all true 
outputs 
lOW. 
The 
differential 
outputs 
allow 


each circuit to be used as an inverting/ 
non-inverting 
transla- 
tor or as a differential 
line driver. The output 
levels are volt- 


age compensated. 


When 
the 
circuit 
'is 
used 
in 
the 
differential 
mode, 
the 


F100124, 
due 
to 
its high 
common 
mode 
rejection, 
over- 


comes 
voltage 
gradients 
between 
the TIl 
and ECl 
ground 
systems. 
The VEE 
and VTTL power 
may be applied 
in either 


order. 


Refer to the F100324 
datasheet 
for: 


PCC packaging 
lower 
power 
Military 
versions 
Ex1ended voltage 
specs 
(-4.2V 
to -5.7V) 


00 


Do 
00 


a, 
0, 
a, 


a, 


0, 
a, 


oJ 


OJ 
oJ 


O. 
D. 
O. 


aS 


Os 
aS 
TL/F/9848-3 


Connection 
Diagrams 


24-Pin DIP 


00 
I 
24 
00 
a, 
2 
23 
O2 
a, 
3 
22 
0, 


O2 
4 
21 
Do 


O2 
5 
20 
Vm 


Vcc 
6 
19 
E 


VCCJ. 
7 
18 
VEJ: 


VCCJ. 
8 
17 
03 


03 
9 
16 
04 


03 
10 
15 
°l 
04 
11 
14 
05 


O. 
12 
13 
ol 


TLIF/9848-1 


Pin Names 
Description 


Do-Os 
Data Inputs 


E 
Enable 
Input 
00-05 
Data Outputs 
00-05 
Complementary 


Data Outputs 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 


If Military/Aerospace 
specified 
devices 
are 
required, 
VEE Pin Potential 
to Ground 
Pin 
-7.0Vto 
+0.5V 
please 
contact 
the 
National 
Semiconductor 
Sales 
VTTL Pin Potential 
to Ground 
Pin 
+6.0Vto 
-0.5V 
Office/Distributors 
for availability 
and specifications. 
Input Voltage 
(DC) 
-0.5V 
to VTTL 
Storage 
Temperature 
- 65·C to + 150·C 
Output Current 
(DC Output 
HIGH) 
-50mA 


Maximum 
Junction 
Temperature 
(TJ) 
+ 150·C 
Operating 
Range (VEE) (Note 2) 
-5.7Vto 
-4.2V 


Case Temperature 
under Bias (Tcl 
O·Cto 
+ 85·C 


DC Electrical Characteristics 
VEE = 
-4.5V. 
VCC = VCCA = GND. Tc = O·C to + 85·C (Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH (Max) 
loading 
with 


VOL 
Output 
lOW 
Voltage 
-1810 
-1705 
-1620 
OrVIL(Min) 
500 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH(Min} 
loading 
with 


VOLC 
Output 
lOW 
Voltage 
-1610 
orVIL(Max) 
500 
to -2.0V 


DC Electrical Characteristics 
VEE = 
-4.2V. 
VCC = VCCA = GND. Tc = O·C to +85·C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
loading 
with 


VOL 
Output 
lOW 
Voltage 
-1810 
-1605 
orVIL(Min) 
500 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
loading 
with 


VOLC 
Output 
lOW 
Voltage 
-1595 
orVIL(Max) 
500 
to -2.0V 


DC Electrical Characteristics 
VEE = 
-4.8V. 
VCC = VCCA = GND. Tc = O·C to + 85·C (Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
loading 
with 


VOL 
Output 
lOW 
Voltage 
-1830 
-1620 
orVIL(Min) 
500 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
loading 
with 


VOLC 
Output 
lOW 
Voltage 
-1610 
or VIL (Max) 
500 
to -2.0V 


Note 
1: Absolute maximum ratings are those values beyond which the device may be damaged 
or have its useful life impaired. Functional 
operation 
under these 
conditions 
is not implied. 


Note 
2: Parametric 
values specified at -4.2V 
to -4.8V. 


Note 
3: The specified 
limits represent 
the "worst case" 
value for the parameter. 
Since these "worst case" 
values normally occur at the temperature 
extremes, 
additional 
noise immunity and guard banding can be achieved 
by decreasing 
the allowable 
system operating 
ranges. 


Note 
4: Conditions for testing shown in the tables are chosen to guarantee 
operation 
under "worst case" 
conditions. 
• 


IlO3l'111"''''' 
. _._ ..._ .._. 
-- 
.. 


VIH 
Input HIGH Voltage 
2.0 
5.0 
V 
Guaranteed 
HIGH 


Signal for All Inputs 


VIL 
Input LOW Voltage 
0 
0.8 
V 
Guaranteed 
LOW 


Signal for All Inputs 


VCD 
Input Clamp Diode Voltage 
-1.5 
V 
IIN = -10mA 


IIH 
Input HIGH Current 
VIN = +2.4V. 
Data 
20 


Enable 
120 
IJ-A 
All OJher Inputs VIN = GND 


Input HIGH Current 
1.0 
mA 
VIN = +5.5V. 


Breakdown 
Test. All Inputs 
All Other 
Inputs = GND 


IlL 
Input LOW Current 
VIN = +O.4V. 
Data 
-1.6 


Enable 
-9.6 
mA 
All Other Inputs VIN = VIH 


lEE 
VEE Power Supply Current 
-140 
-96 
-52 
mA 
All Inputs VIN = + 4.0V 


InL 
VnL 
Power Supply Current 
44 
75 
mA 
All Inputs VIN = GND 


Ceramic Dual-In-Line 
Package AC Electric Characteristics 


VEE = 
-4.2V 
to -4.8V, 
VCC = VCCA = GND, VnL 
= 
+4.5V 
to +5.5V 


Symbol 
Parameter 
Tc = O·C 
Tc = +2S·C 
Tc = +8S·C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.50 
3.00 
0.50 
2.90 
0.50 
3.00 
ns 


tpHL 
Data and Enable to Output 


Figures 
1 and 2 
tTLH 
Transition 
Time 
0.45 
1.80 
0.45 
1.80 
0.45 
1.80 


tTHL 
20% to 80%. 
80% to 20% 
ns 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V, 
VCC = VCCA = GND. VnL 
= 
+4.5V 
to +5.5V 


Symbol 
Parameter 
Tc = O·C 
Tc = +2S·C 
Tc = +8S·C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.50 
2.80 
0.50 
2.70 
'0.50 
2.80 
ns 


tpHL 
Data and Enable to Output 


Figures 
1 and 2 
tTLH 
Transition 
Time 
0.45 
1.70 
0.45 
1.70 
0.45 
1.70 


tTHL 
20% to 80%. 80% to 20% 
ns 


0.1 p.f .I. 


L1 
L2 
," 
" 
r 
1. 
- 
L3 
- ',- 
" 
l"~fF~ff~ 
1. 
- 


EeL 
TERhHNATOR 
NET 


Notes: 


Vcc. VCCA ~ 
+OV. VEE ~ 
-4.SV, 
VnL 
~ 
+S.OV, V,H ~ 
+3.0V 


L 1, l2 and l3 = equal 
length 50n impedance lines 


AT = 50n terminator 
internal to scope 


Decoupling 
0.1 f'F from GND to Vcc, VEE and VnL 


All unused outputs are loaded with son to GND 


Cl = Fixture and stray capacitance 
:s;: 3 pF 


~ 
National 
~ 
Semiconductor 


F100125 
Hex EeL-to- TTL Translator 


General Description 


The Fl00125 
is a hex translator 
for converting 
FlOOK logic 


levels to TIL 
logic levels. 
Differential 
inputs 
allow 
each cir- 
cuit to be used as an inverting, 
non-inverting 
or differential 


receiver. 
An internal 
reference 
voltage 
generator 
provides 


VBB for single-ended 
operation 
or for use in Schmitt 
trigger 


applications. 
All 
inputs 
have 
50 
kfi 
pull-down 
resistors; 
therefore, 
the outputs 
will go LOW when 
the inputs 
are left 


unconnected. 


When 
used in the differential 
mode, the inputs 
have a com- 
mon mode 
rejection 
of + W, making 
this device 
tolerant 
of 


ground 
offsets 
and 
transients 
between 
the 
signal 
source 


and the translator. 
The VEE and VTTL 
power may be applied 


in either 
order. 


Refer to the Fl00325 
datasheet 
for: 


PCC packaging 
Lower 
power 
Military 
versions 
Extended 
voltage 
specs 
(- 4.2V to - 5.lV) 


Pin Names 
Description 


Do-Os 
Data Inputs 


50-55 
Inverting 
Data Inputs 


00-05 
Data Outputs 
DO=:(>- 
- 
A. 


Do 


0, =:(>- 
- 
a, 
0, 


~3~03 
D3~ 
~·~o. 
D.~ 
D'=:(>- 
- 
a. 
0, 


24-Pln 
Quad Cerpak 


0, 
53 03 VEEVee 02 


Os 
1 
2, 
Os 


0, 
2 
23 
Os 


03 
3 
22 
5, 
vm , 
21 
0, 


Vm 
5 
20 
53 


Vcc 
6 
19 
°3 
Vcc 
7 
18 
VEE 


02 
8 
17 
Vee 


01 
9 
16 
°2 
00 
10 
15 
52 


Do 
11 
I, 
°1 


°0 
12 
13 
01 


TlIF/9849-1 


3-54 


Absolute 
Maximum Ratings 


Above which the useful life may be impaired. 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
VEE Pin Potential 
to Ground 
Pin 
- 7.0V to + 0.5V 


please 
contact 
the 
National 
Semiconductor 
Sales 
VnL 
Pin Potential 
to Ground 
Pin 
+6.0Vto 
-0.5V 
Office/Distributors 
for 
availability 
and 
specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 


Storage 
Temperature 
- 65·C to + 150·C 
Output Current 
(DC Output 
HIGH) 
-50mA 


Maximum 
Junction 
Temperature 
(TJ) 
+150·C 
Operating 
Range (Note 2) 
-5.7V 
to -4.2V 


Case Temperature 
under Bias (Tcl 
O·Cto 
+85·C 


DC Electrical 
Characteristics 


VEE = 
-4.5V, 
Vee = VeeA = GND, Te = O·C to +85·C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


Vss 
Output 
Reference 
Voltage 
-1380 
-1320 
-1260 
mV 
Ivss = -2.1 
mA 


VIH 
Single-Ended 
Input 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal for All Inputs 


HIGH Voltage 
(with One Input Tied to Vss) 


VIL 
Single-Ended 
Input 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal for All Inputs 


LOW Voltage 
(with One Input Tied to Vss) 


IlL 
Input LOW Current 
0.50 
/-LA 
VIN = VIL (Min) 


DC Electrical 
Characteristics 


VEE = 
-4.2V, 
Vee = VeeA = GND, Te = O·C to + 85·C (Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


Vss 
Output 
Reference 
Voltage 
-1396 
-1320 
-1244 
mV 
Ivss = -2.1 
mA 


VIH 
Single-Ended 
Input 
-1150 
-880 
mV 
Guaranteed 
HIGH Signal for All Inputs 
HIGH Voltage 
(with One Input Tied to Vss) 


VIL 
Single-Ended 
Input 
-1810 
-1490 
mV 
Guaranteed 
LOW Signal for All Inputs 
LOW Voltage 
(with One Input Tied to Vss) 


IlL 
Input LOW Current 
0.50 
/-LA 
VIN = VIL (Min) 


DC Electrical 
Characteristics 


VEE = -4.8V, 
Vee = VeeA = GND, Te = O·C to +85·C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


Vss 
Output 
Reference 
Voltage 
-1396 
-1320 
-1244 
mV 
Ivss = -2.1 
mA 


VIH 
Single-Ended 
Input 
-1150 
-880 
mV 
Guaranteed 
HIGH Signal for All Inputs 
HIGH Voltage 
(with One Input Tied to Vss) 


VIL 
Single-Ended 
Input 
-1810 
-1490 
mV 
Guaranteed 
LOW Signal for All Inputs 
LOW Voltage 
(with One Input Tied to Vss) 


IlL 
Input LOW Current 
0.50 
/-LA 
VIN = VIL (Min) 


Note 
1: Absolute 
maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional 
operation 
under these 
conditions 
is not implied. 


Note 2: Parametric values specified 
at -4.2V 
to -4.8V. 


Note 3: The specified 
limits represent the "worst 
case" value for the parameter. 
Since these "worst 
case" values normally occur at the temperature 
extremes, 


additional 
noise immunity and guard banding can be achieved by decreasing 
the allowable 
system operating ranges. 


Note 4: Conditions 
for testing shown in the tables are chosen to guarantee operation 
under "worst 
case" conditions. 


VOH 
UU1PUl MluM 
VOIl"II" 
11:..>.,) 
. 
'un 
_._ ...... -. - 


VOL 
Output 
LOW Voltage 
0.5 
V 
10L = 20 mA 
I or VIL (Min) 


VOIFF 
Input Voltage 
Differential 
150 
mV 
Required 
for Full Output Swing 


VCM 
Common 
Mode Voltage 
1.0 
V 
Permissible 
±VCM 


with Respect 
to Vss 


IIH 
Input HIGH Current 
350 
I-'A 
VIN = VIH (Max), Do-Os 
= vss, 


Do-Os 
= VIL (Min) 


IlL 
Input LOW Current 
0.5 
I-'A 
VIN = VIL (Min), Do-Os = Vss 


los 
Output Short-Circuit 
Current 
-100 
-40 
mA 
VOUT = GND' 


lEE 
VEE Power Supply Current 
-85 
-60 
-40 
mA 
Do-Os 
= Vss 


InL 
VnL 
Power Supply Current 
75 
115 
mA 
Do-Os 
= Vss 


·Test one output at a time. 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V 
to -4.8V, 
VCC = GND, VnL 
= +4.5V 
to + 5.5V 


Symbol 
Parameter 
Tc = O'C 
Tc = +2S'C 
Tc = +8S'C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.80 
3.50 
0.90 
3.70 
1.00 
4.00 
ns 
Figures 
1 and 2 


tpHL 
Data to Output 


Cerpak AC Electrical Characteristics 
VEE = -4.2V 
to -4.8V, 
VCC = GND, VnL 
= +4.5V 
to +5.5V 


Symbol 
Parameter 
Tc = O'C 
Tc = +2S'C 
Tc = +8S'C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.80 
3.30 
0.90 
3.50 
1.00 
3.80 
ns 
Figures 
1 and 2 


tpHL 
Data to Output 


Truth Table 


Inputs 
Outputs 


On 
On 
On 


L 
H 
L 


H 
L 
H 


L 
L 
U 


H 
H 
U 


Open 
Open 
L 


VEE 
VEE 
L 


L 
Vss 
L 


H 
Vss 
H 


Vss 
L 
H 


Vss 
H 
L 


H - 
HIGHVoltageLevel 


L = LOWVoltegeLevel 
U - Undefined 


r- -0095 


-1.71 -.J 
FEeL 


Notes: 


Vcc 
~ OVoVEE ~ 
-4.5V, 
VTTL ~ + 5V 


L1 and L2 = equal length 50.0 impedance 
lines 


AT = 50.0 terminator 
internal to scope 


Decoupling 
0.1 I'F from GND to VCCoVEE and VTTL 


All unused outputs are loaded with 500.0 
to GND 


CL = Fixture and stray capacitance 
= 15 pF 


280A 


+5V 


I 
-r----r 


450A 
Vee 


VEE 
Lz 
OV 
,'", 
, ,l 
Rr 


FIGURE 
2. Propagation 
Delay Times 
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~National 
~ 
Semiconductor 


F100126 
9-Bit Backplane Driver 


General Description 


The F1 00126 
contains 
nine independent, 
high-speed, 
buffer 
gates 
each 
with 
a single 
input 
and 
a single 
output. 
The 
gates are non-inverting. 
These 
buffers 
are useful 
in bus-ori- 
ented 
systems 
where 
minimal 
output 
loading 
or bus isola- 


tion is desired. 
The output transition 
times are longer to min- 
imize 
noise 
when 
used 
as a backplane 
driver. 
All 
inputs 
have 50 kO pull-down 
resistors. 


VCCA 
24 
D3 


03 
23 
D2 


O2 
22 
D1 


01 
21 
D9 
09 
20 
D8 


Vcc 
19 
VCCA 


VCCA 
18 
VEE 


08 
17 
D7 


07 
16 
D6 


06 
15 
05 


05 
14 
D4 


°4 
13 
VCCA 


TLiF/9850-1 


3-58 


0_-1:>-0_ 
0.-1:>-0. 
07-1:>-07 


Pin Names 
Description 


01-09 
Data Inputs 


°1-°9 
Data Outputs 


24·Pin Quad Cerpak 


D9 D8VCCAVEE OJ D6 


24 
23 
22 
21 20 
19 


D1 
1 
18 
Ds 
D2 
2 
17 
D4 


D3 
3 
16 
VCCA 


VCCA 
4 
15 
04 


03 
5 
14 
05 


O2 
6 
13 
06 


12 


Absolute 
Maximum Ratings 


Above 
which 
the useful 
life may be impaired. 
(Note 
1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
under Bias (Tcl 
O'Cto 
+85'C 
please 
contact 
the 
National 
Semiconductor 
Sales 
VEE Pin Potential 
to Ground 
Pin 
-7.0V 
to + 0.5V 
Office/Distributors 
for 
availability 
and 
specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 


Storage 
Temperature 
-65'C 
to + 150'C 
Output Current 
(DC Output HIGH) 
-50mA 


Maximum 
Junction 
Temperature 
(TJ) 
+150'C 
Operating 
Range (Note 2) 
-5.7Vto 
-4.2V 


DC Electrical 
Characteristics 


VEE = 
-4.5V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
orVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
",A 
VIN = VIL (Min) 


DC Electrical 
Characteristics 


VEE = 
-4.2V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIl(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
or VIL (Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
",A 
VIN = VIL (Mln) 


DC Electrical 
Characteristics 


VEE = 
-4.8V, 
VCC = VCCA = GND, Tc = O'C to + 85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL 
(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
",A 
VIN = VIL (Min) 


Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional 
operation 
under these 
conditions 
is not implied. 


Note 2: Parametric values specified at -4.2V 
to -4.8V. 


Note 3: The specified 
limits represent the "worst 
case" value for the parameter. 
Since these "worst 
case" values normally occur at the temperature 
extremes, 
additional 
noise immunity and guard banding can be achieved 
by decreasing 
the allowable 
system operating 
ranges. 


Note 4: Conditions 
for testing shown in the tables are chosen to guarantee operation 
under "worst case" conditions. 


• 


DC Electrical Characteristics 
VEE = -4.2V to -4.8V 
unless otherwise specified, Vee = VeeA = GND, Te = O'C to +85'C 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


IIH 
Input HIGH Current 
350 
p.A 
VIN = VIH(Maxl 


lEE 
Power Supply Current 
-96 
-70 
-46 
mA 
Inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation Delay 
1.05 
2.75 
1.05 
2.75 
1.05 
2.75 
ns 


tpHL 
Data to Output 
Figures 
1and 2 
tTLH 
Transition Time 
1.15 
3.40 
1.15 
3.40 
1.05 
3.40 
ns 


tTHL 
20% to 80%, 80% to 20% 


Cerpak AC Electrical Characteristics 
VEE = -4.2V 
to -4.8V, Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation Delay 
1.05 
2.55 
1.05 
2.55 
1.05 
2.55 
ns 
tpHL 
Data to Output 
Figures 
1and 2 
tTLH 
Transition Time 
1.15 
3.30 
1.15 
3.30 
1.05 
3.30 
ns 


tTHL 
20% to 80%, 80% to 20% 


IIr,, ,l 


vcc 
-= 


l2 
,-, 
CIRCUIT 
,-, 


UNDER 
\ 
\ , 
TEST 
, 
-J. 
1 
Rr 


VEE 
-= 


TLIFI96S0-S 
TLlF196S0-6 


FIGURE 2. Propagation Delay and Transition Times 


Nole.: 


vee. VeeA ~ 
+2V. 
VEE ~ 
-2.5V 


L1 and L2 = equal length 500. impedance 
lines 


RT = 5on. terminator 
internal to scope 


Decoupling 
0.1 I'F from GND to Vcc and VEE 


All unused outputs are loaded with 50n 
to GND 


CL = Fixture and stray capacitance 
:s: 3 pF 


~National 
~ 
Semiconductor 


F100128 
ECL/TTL 
Bi-Directional Translator 


General Description 
The F100128 is an octal latched bi-directional translator de- 
signed to convert TTl logic levels to 100K ECl logic levels 
and vice versa. The direction of this translation is deter- 
mined by the DIR input. A lOW on the output enable input 
(OE) holds the ECl outputs in a cut-off state and the TTl 
outputs at a high impedance level. A HIGH on the latch 
enable input (lE) 
latches the data at both inputs even 


though only one output is enabled at the time. A lOW on lE 
makes the F100128 transparent. 


The cut-off state is designed to be more negative than a 
normal ECl lOW level. This allows the output emitter-fol- 
lowers to turn off when the termination supply is -2.0V, 
presenting a high impedance to the data bus. This high im- 
pedance reduces termination power and prevents loss of 
low state noise margin when several loads share the bus. 


Ordering Code: See Section 8 


Logic Symbol 


Connection 
Diagrams 


24-Pin DIP 


£. 
1 


£5 
2 


£6 
3 


£7 
<4 


O£ 
5 


Vcc 
6 


VCCA 
7 


DIR 
8 


T7 
9 


T6 
10 


T5 
11 


T. 
12 


24 
£3 


23 
£2 


22 
£, 


21 
Eo 


20 
L£ 


19 
Vcc 


18 
VEE 
17 
Vm 


16 
To 


15 
T1 
14 
T2 


13 
T3 


The F100128 is designed with FAST~ TTl output buffers, 
featuring optimal DC drive and capable of quickly charging 
and discharging highly capacitive loads. All inputs have 
50 k!1 pull-down resistors. 


Features 
• 
Bi-directional translation 
• 
ECl high impedance outputs 
• 
latched outputs 
• 
FAST~ TTl outputs 
• 
TRI-STATE~ outputs 
Refer to the F100328 datasheet for: 
PCC Packaging 
lower Power 
Military Versions 
Extended voltage specs (-4.2V 
to -5.7V) 


Pin Names 
Description 


Eo-E7 
ECl Data I/O 
To- T7 
TTl Data I/O 
OE 
Output Enable Input 
lE 
latch Enable Input 


DIR 
Direction Control Input 


24-Pln Quad Cerpak 


Eo L£ VccV[[ Vm To 
• 


(DIR) Eel/TTL 


(OE) OUTPUT ENABLE 


SEE DETAIL 


r---~ 


ECl-TTL 
lA~CH 
TRANSLATOR 


OE 
CIR 
lE 
Eel 
TTl 
Notes 
Port 
Port 


L 
X 
L 
LOW 
Z 
(Cut-Off) 


L 
L 
H 
Input 
Z 
1,3 


L 
H 
H 
LOW 
Input 
2,3 
(Cut-Off) 


H 
L 
L 
L 
L 
1,4 


H 
L 
L 
H 
H 
1,4 


H 
L 
H 
X 
Latched 
1,3 


H 
H 
L 
L 
L 
2,4 


H 
H 
L 
H 
H 
2,4 


H 
H 
H 
Latched 
X 
2,3 


H ~ HIGH Voltage Level 
L ~ 
LOW Voltage Level 
X = Don't Care 
Z = High Impedance 


Note 
1: EeL input to TTL output mode. 


Note 2: TTL input to Eel 
output mode. 


Note 3: Retains data present before LE set HIGH. 


Note 4: Latch is transparent. 


Absolute Maximum Ratings 
(Note 1) 


If Military/Aerospace 
specified devices are required, 
Voltage 
Applied 
to Output 


please 
contact 
the 
National 
Semiconductor 
Sales 
in HIGH State 


Office/Distributors for availability and specifications. 
TRI-STATE 
Output 
- 0.5V to + 5.5V 


Storage 
Temperature 
- 65·C to + 150·C 
Current 
Applied 
to TTL 


Maximum 
Junction 
Temperature 
+ 150·C 
Output in LOW State (Max) 
Twice the Rated IOL (mA) 


Case Temperature 
under Bias 
O·Cto 
+ 85·C 
Note 
1: Absolute 
maximum 
ratings are those values 
beyond 
which the de- 
vice may be damaged 
or have its useful life impaired. 
Functional 
operation 
VEE Pin Potential 
to 
under these conditions 
is not implied. 


Ground 
Pin 
-7.0Vto 
+0.5V 
Note 
2: Either voltage 
limit or current limit is sufficient to protect 
inputs. 


VTTL Pin Potential 
to 
Recommended 
Operating 
Ground 
Pin 
+6.0Vto 
-0.5V 


ECL Input Voltage 
(DC) 
VEEto 
+0.5V 
Conditions 


ECL Output 
Current 
Case Temperature 
O·Cto 
+85·C 
(DC Output 
HIGH) 
-50mA 
Supply 
Voltage 
(Note 
1) 


TIL 
Input Voltage 
(Note 2) 
-0.5Vto 
+7.0V 
VEE 
-5.7Vto 
-4.2V 


TIL 
Input Current 
(Note 2) 
-30 
mA to + 5.0 mA 
VTTL 
+ 4.5V to + 5.5V 


Note 1: Parametric values specified at VEE = -4.2V 
to -4.8V. 


TTL-to-ECL 
DC Electrical Characteristics 


VEE = 
-4.2V 
to -4.8V, 
VCC = VCCA = GND, Tc = O·C to + 85·C, VTTL = 
+ 4.5V to + 5.5V 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


VOH 
Output 
High Voltage 
-1020 
-870 
mV 
VEE = -4.2V, 
50n 
to -2V 


-1025 
-955 
-880 
mV 
VEE = -4.5V, 
50n 
to -2V 


-1035 
-880 
mV 
VEE = - 4.8V, 50n 
to - 2V 


VOL 
Output 
Low Voltage 
-1810 
-1605 
mV 
VEE = -4.2V, 
50n 
to -2V 


-1810 
-1705 
-1620 
mV 
VEE = -4.5V, 
50n 
to -2V 


-1830 
-1620 
mV 
VEE = -4.8V, 
50n 
to -2V 


Cutoff Voltage 
OE or DIR Low, 


-2000 
-1930 
mV 
VEE = -4.2V, 
50n 
to -2V 


-2000 
-1950 
mV 
VEE = -4.5V, 
50n 
to -2V 


-2000 
-1950 
mV 
VEE = -4.8V, 
50n 
to -2V 


VOHC 
Output 
High Voltage 
-1030 
mV 
VEE = -4.2V, 
50n 
to -2V 


Corner 
Point High 
-1035 
mV 
VEE = -4.5V, 
50n 
to -2V 


-1045 
mV 
VEE = -4.8V, 
50n 
to - 2V 


VOLC 
Output 
Low Voltage 
-1595 
mV 
VEE = -4.2V, 
50n 
to -2V 


Corner 
Point Low 
-1610 
mV 
VEE = -4.5V, 
50n 
to -2V 


-1610 
mV 
VEE = -4.8V, 
50n 
to -2V 


VIH 
Input High Voltage 
2.0 
V 
Over VTTL, VEE, TC Range 


VIL 
Input Low Voltage 
0.8 
V 
Over VTTL, VEE, TC Range 


IIH 
Input High Current 
70 
IJ-A 
VIN = +2.7V 


Breakdown 
Test 
1.0 
mA 
VIN = +5.5V 


IlL 
Input Low Current 
-1.0 
mA 
VIN = +0.5V 


VFCD 
Input Clamp 
-1.2 
V 
IIN = -18 
mA 
Diode Voltage 


lEE 
VEE Supply Current 
-250 
-175 
-125 
mA 
LE Low, OE and DIR High • 


ECl-to- TTl 
DC Electrical Characteristics 


VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND, Te = O'C to + 85'C, 
CL = 50 pF, VnL 
= 
+ 4.5V to + 5.5V 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


VOH 
Output High Voltage 
2.7 
3.1 
V 
10H = -3 
mA, VnL 
= 4.75V 


2.4 
2.9 
V 
10H = -3 
mA. VnL 
= 4.50V 


VOL 
Output 
Low Voltage 
0.3 
0.5 
V 
10L = 24 mA, VnL 
= 4.50V 


VIH 
Input High Voltage 
-1150 
-870 
mV 
VEE = -4.2V 


-1165 
-880 
mV 
VEE = -4.5V 


-1165 
-880 
mV 
VEE = -4.8V 


VIL 
Input Low Voltage 
-1810 
-1475 
mV 
VEE = -4.2V 


-1810 
-1475 
mV 
VEE = -4.5V 


-1810 
-1490 
mV 
VEE = -4.8V 


IIH 
Input High Current 
200 
/LA 
VIN = VIH (Max) 


IlL 
Input Low Current 
0.50 
/LA 
VIN = VIL (Min) 


10ZHT 
TRI-STATE 
Current 
70 
/LA 
VOUT = +2.7V 
Output High 


10ZLT 
TRI-STATE 
Current 
-1.0 
mA 
VOUT = +0.5V 
Output 
Low 


los 
Output Short-Circuit 
-60 
-225 
mA 
VOUT = O.OV, VnL 
= +5.5V 
Current 


InL 
VnL 
Supply Current 
155 
200 
mA 
TIL 
Outputs 
Low 


90 
120 
mA 
TIL 
Outputs 
High 


120 
160 
mA 
TIL 
Outputs 
in TRI-STATE 


Cerpak TTl-to-ECl 
AC Electrical Characteristics 


VEE = 
-4.2V 
to -4.8V, 
VnL 
= 
+4.5V 
to +5.5V 


Symbol 
Parameter 
Tc = O'C 
Tc = 25'C 
Tc = 85'C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Tn to En 
1.0 
3.3 
1.0 
3.3 
1.0 
3.3 
ns 
Figures 
1&2 
tpHL 
(Transparent) 
1.1 
3.7 
1.1 
3.7 
1.4 
4.3 
ns 


tpLH 
LEto 
En 
2.2 
4.6 
2.2 
4.6 
2.7 
5.4 
ns 
Figures 
1&2 
tpHL 
2.0 
4.3 
2.0 
4.3 
2.4 
5.0 
ns 


tpZH 
OEtoEn 
1.4 
4.5 
1.4 
4.5 
1.5 
5.0 
ns 
Figures 
1&2 
(Cutoff to High) 


tpHZ 
DIR to En 
1.0 
4.0 
1.0 
4.0 
1.0 
4.0 
ns 
Figures 
1&2 
(High to Cutoff) 


tpHZ 
OEto 
En 
1.0 
3.5 
1.0 
3.5 
1.0 
4.0 
ns 
Figures 
1&2 
(High to Cutoff) 


tset 
Tn to LE 
1.0 
1.0 
1.0 
ns 
Figures 
1&2 


thold 
Tn to LE 
2.0 
2.0 
2.0 
ns 
Figures 
1&2 


tpw(H) 
Pulse Width High, LE 
2.0 
2.0 
2.0 
ns 
Figures 
1&2 


tTLH 
Transition 
Time 
0.6 
1.6 
0.6 
1.6 
0.6 
1.6 
Figures 
1&2 
tTHL 
20% to 80%, 
80% to 20% 
ns 


Symbol 
Parameter 
... - - 
... 
-- - 
" 
Units 
\,;onoltlons 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
En to Tn 
2.5 
6.5 
2.5 
6.5 
3.0 
8.0 
Figures3&4 


tpHL 
(Transparent) 
2.0 
5.5 
2.0 
5.5 
2.0 
6.0 
ns 


tpLH 
LE to Tn 
3.0 
7.5 
3.0 
7.5 
3.5 
9.5 
Figures3&4 
ns 


tpHL 
2.5 
6.5 
2.5 
6.5 
3.0 
7.0 


tpZH 
DEtoTn 
3.0 
7.5 
3.0 
7.5 
3.5 
8.5 
Figures3&5 
ns 
tpZL 
(Enable Time) 
4.0 
9.5 
4.0 
9.5 
4.5 
10.0 


tpHZ 
DEtoTn 
3.0 
9.5 
3.0 
9.5 
3.5 
11.0 
Figures3&5 


tpLZ 
(Disable 
Time) 
2.5 
8.0 
2.5 
8.0 
3.5 
10.0 
ns 


tpHZ 
DIR to Tn 
2.5 
10.0 
2.5 
10.0 
3.0 
10.0 
Figures3& 6 


tpLZ 
(Disable Time) 
2.5 
8.5 
2.5 
8.5 
3.5 
10.0 
ns 


tset 
En to LE 
1.5 
1.5 
1.5 
ns 
Figures3&4 


thold 
En to LE 
3.5 
3.5 
3.5 
ns 
Figures 3& 4 


tpw(H) 
Pulse Width High, LE 
2.0 
2.0 
2.0 
ns 
Figures 3& 4 


Ceramic Dual-In-Line 
Package TTL-to-ECL 
AC Electrical Characteristics 


VEE = 
-4.2V 
to -4.8V, 
VnL 
= + 4.5V to + 5.5V, Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = 25'C 
Tc = 85'C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
TN to En 
1.0 
3.3 
1.0 
3.3 
1.0 
3.3 
ns 
Figures 1&2 
tpHL 
(Transparent) 
1.1 
3.7 
1.1 
3.7 
1.4 
4.3 
ns 


tpLH 
LEto 
En 
2.2 
4.6 
2.2 
4.6 
2.7 
5.4 
ns 
Figures 1&2 
tpHL 
2.0 
4.3 
2.0 
4.3 
2.4 
5.0 
ns 


tpZH 
DEto 
En 
1.4 
4.5 
1.4 
4.5 
1.5 
5.0 
Figures 1& 2 
(Cutoff to High) 
ns 


tpHZ 
DIR to En 
1.0 
4.0 
1.0 
4.0 
1.0 
4.0 
Figures 1&2 
(High to Cutoff) 
ns 


tpHZ 
DE to En 
1.0 
3.5 
1.0 
3.5 
1.0 
4.0 
Figures 1&2 
(High to Cutoff) 
ns 


tset 
Tn to LE 
1.0 
1.0 
1.0 
ns 
Figures 1&2 


thold 
Tn to LE 
2.0 
2.0 
2.0 
ns 
Figures 1&2 


tpw(H) 
Pulse Width High, LE 
2.0 
2.0 
2.0 
ns 
Figures 1&2 


tTLH 
Transition 
Time 
0.6 
1.0 
1.6 


tTHL 
20% to 80%,80% 
to 20% 
ns 
Figures 1&2 • 


Ceramic Dual-In-Line 
Package ECl-to- TTl 
AC Electrical Characteristics 


VEE = 
-4.2V 
to -4.8V, 
Vnl 
= 
+4.5V 
to +5.5V, 
Vee = VeeA = GND. Cl = 50 pF 


Symbol 
Parameter 
Tc = O'C 
Tc = 2S'C 
Tc = 8S'C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tplH 
En to Tn 
2.5 
6.5 
2.5 
6.5 
3.0 
8.0 
Figures3& 4 


tpHl 
(Transparent) 
2.0 
5.5 
2.0 
5.5 
2.0 
6.0 
ns 


tplH 
LEtoTn 
3.0 
7.5 
3.0 
7.5 
3.5 
9.5 
Figures3&4 


tPHl 
2.5 
6.5 
2.5 
6.5 
3.0 
7.0 
ns 


tpZH 
OEtoTn 
3.0 
7.5 
3.0 
7.5 
3.5 
8.5 
Figures3&5 
tpZl 
(Enable Time) 
4.0 
9.5 
4.0 
9.5 
4.5 
10.0 
ns 


tpHZ 
OEtoTn 
3.0 
9.5 
3.0 
9.5 
3.5 
11.0 
Figures3& 5 


tPLZ 
(Disable 
Time) 
2.5 
8.0 
2.5 
8.0 
3.5 
10.0 
ns 


tpHZ 
DIRtoTn 
2.5 
10.0 
2.5 
10.0 
3.0 
10.0 
Figures3&6 


tPlZ 
(Disable Time) 
2.5 
8.5 
2.5 
8.5 
3.5 
10.0 
ns 


tset 
En to LE 
1.5 
1.5 
1.5 
ns 
Figures3&4 


thold 
En to LE 
3.5 
3.5 
3.5 
ns 
Figures3&4 


tpw(H) 
Pulse Width High, LE 
2.0 
2.0 
2.0 
ns 
Figures3& 4 


Vm = 5V 


Vcc = OV 


VEE = -4.5V 


3Vr 


OV ---J 


ECl 
TERMINATOR 
NET 
l +10 


ATTENUATOR 


..----. 


F ECl 
: 
• 
4 


ECl 
TERMINATOR 
NET 


(SEE 
CIRCUIT 
SHOWN 
BELOW) 
..----. 
F ECl 
: 
._-- .. 


F m - m FORCING 
FUNCTION 
F ECl - ECl 
FORCING 
FUNCTION 


-0.95 


~ 
-1.71 


ECl 


TERMINATOR 
---------------- 
NET 


CCD 
_ 


I 
I 
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I 
I 
I 
: 
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}+---! tpw 


---+! 
I 
I 
i 
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I 
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OUTPUT ENABLE I 
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tpo 
ts 
tH 


I 
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:---: 


tpo 


Vm = 5V 


VCC = OV 


VEE = -4.5V 


-7 


500n 


-.95 
-I 


-1.71 


ECl 
TERt.lINATOR 
---------------- 
NET 
.----. 
FEeL 
: 
._---" 
.----. 


F ECl 
: 
._--_. 


ECl 
TERt.lINATOR 
NET 
(USE CIRCUIT SHOWN ABOVE) 
.----. 


F ECl 
: 
._--_. 


CL = 50 pF including stray and jig capacitance. 


Note: son 
to ground termination 
must 
be Included 
on Eel I/O pins not monitored 
by a son 
scope to prevent oscillatory 
feedback. 


FIGURE 
3. ECl-to- 
TTl 
AC Test 
Circuit 
• 


~--- 


LATCH ENABLE If! 
\ 
----!-+lpW--!--- 


-LATC1iF,o 
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I 
! 
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~I~ 
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IS IH 
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Nole: 
DIR is LOW, OE is HIGH 


FIGURE 
4. ECL-to-TTL 
Transition-Propagation 
Delay and Transition 
Times 


Nole: 
DIR is LOW, LE is HIGH 


FIGURE 
5. ECL-to-TTL 
Transition; 
OE to TTL Output, 
Enable and Disable Times 
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FIGURE 5. Applications 
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SRAM Interface Using F100128 ECL- TTL Latched Translator 
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~ 
National 
~ 
Semiconductor 


F100130 
Triple D Latch 


General Description 


The 
F100130 
contains 
three 
D-type 
latches 
with 
true and 


complement 
outputs 
and with Common 
Enable 
(Eel, Master 


Set (MS) and Master 
Reset 
(MR) inputs. 
Each latch has its 


own 
Enable 
(En), Direct 
Set (SOn) and 
Direct 
Clear 
(COn) 
inputs. The Q output follows 
its Data (D) input when both En 


and EC are LOW (transparent 
mode). 
When either En or EC 


TL/F/9852-3 


Connection 
Diagrams 


24-Pin 
DIP 


CO2 
24 
S02 


E2 
2 
23 
CO, 


O2 
3 
22 
E1 


°2 
4 
21 
0, 


O2 
5 
20 
SO, 


Vee 
6 
19 
t.lR 


VeCA 
7 
18 
VEE 


0, 
8 
17 
Ec 


01 
9 
16 
t.lS 


00 
10 
15 
SOo 


00 
11 
14 
COo 


Do 
12 
13 
Eo 


TL/F/9852-1 


3-70 


Ordering Code: 
See Section 
8 


Logic Symbol 


(or both) are HIGH, a latch stores the last valid data present 
on its On input before 
En or Ec goes HIGH. 


Both Master 
Reset 
(MR) and Master 
Set (MS) inputs 
over- 
ride the 
Enable 
inputs. 
The 
individual 
COn and 
SOn also 
override 
the Enable 
inputs. 
All inputs 
have 50 kD. pUll-down 
resistors. 


Pin Names 
Description 


COO-CO2 
Individual 
Direct Clear Inputs 
500-502 
Individual 
Direct Set Inputs 


Eo-E2 
Individual 
Enable 
Inputs (Active 
LOW) 


Ec 
Common 
Enable 
Input (Active 
LOW) 
00-02 
Data Inputs 


MR 
Master 
Reset Input 


MS 
Master Set Input 


QO-Q2 
Data Outputs 
00-02 
Complementary 
Data Outputs 


24-Pin 
Quad Cerpak 


0, 
SO, t.lR VEE Ec 
t.lS 


E, 
1 


CD, 
2 


S02 
3 


CO2 
4 


E2 
5 


O2 
6 


Inputs 
Outputs 


On 
En 
Ec 
MS 
MR 
Qn 
SOn 
COn 


L 
L 
L 
L 
L 
L 


H 
L 
L 
L 
L 
H 


X 
H 
X 
L 
L 
Latched" 


X 
X 
H 
L 
L 
Latched" 


·Retains 
data presented 
before E positive transition 


H = HIGH Voltage Level 
L ~ LOW Voltage Level 


X = Don't Care 
U = Undefined 


Inputs 
Outputs 


On 
En 
Ec 
MS 
MR 
Qn 
SOn 
COn 


X 
X 
X 
H 
L 
H 


X 
X 
X 
L 
H 
L 


X 
X 
X 
H 
H 
U 


• 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
under Bias (Tcl 
O'Cto 
+ 85'C 
please 
contact 
the 
National 
Semiconductor 
Sales 
VEE Pin Potential 
to Ground 
Pin 
- 7.0V to + 0.5V 
Office/Distributors 
for availability 
and specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 
Storage 
Temperature 
- 65'C to + 150'C 
Output Current 
(DC Output 
HIGH) 
-SOmA 
Maximum 
Junction 
Temperature 
(TJ) 
+ 150'C 
Operating 
Range (Note 2) 
-5.7Vto 
-4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = 
VCCA = 
GND, Tc 
= 
O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN =VIH 
(Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
orVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
OrVIL(Max) 
son 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
IJ-A 
VIN = VIL (Minl 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = 
VCCA = 
GND, Tc 
= 
O'C to + 85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output HIGH Voltage 
-1030 
mV 
ViN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
or VIL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
--1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
IJ-A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = 
VCCA = 
GND, Tc 
= 
O'C to + 85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
orVIL(Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
IJ-A 
VIN = VIL (Min) 


Note 
1: Absolute 
maximum 
ratings are those values beyond which the device may be damaged 
or have its useful life impaired. 
Functional 
operation 
under these 
conditions 
is not implied. 


Nole 2: Parametric values 
specified at -4.2V 
to -4.8V. 


Note 
3: The specified 
limits represent 
the "worst casell value for the parameter. 
Since these "worst case" 
values normally 
occur at the temperature 
extremes. 


additional 
noise immunity and guard banding can be achieved 
by decreasing 
the allowable 
system operating 
ranges. 


Note 
4: Conditions 
for testing shown in the tables are chosen to guarantee 
operation 
under "worst case" 
conditions. 


~'III"'V' 
. _0_ ... _ .._. 
.. 


IIH 
Input HIGH Current 


On 
350 


COn. SOn 
530 
p.A 
VIN = VIH (Max) 


En 
240 


Ee. MR. MS 
450 


lee 
Power Supply Current 
-149 
-106 
-74 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


Vee = 
-4.2V 
to -4.8V, 
Vee = VeeA = GNO 


Symbol 
Parameter 
Tc = O'C 
Tc = +2S'C 
Tc = +8S'C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay On to 
0.50 
1.80 
0.50 
1.70 
0.50 
1.90 
ns 


tpHL 
Output 
(Transparent 
Mode) 
Figures 
1 and 2 


tpLH 
Propagation 
Delay 
0.65 
2.10 
0.75 
2.00 
0.75 
2.10 
ns 


tpHL 
EetoOutput 


tpLH 
Propagation 
Delay 
0.50 
2.00 
0.60 
1.75 
0.60 
2.00 
ns 
Figures 
1, 2 and 3 
tpHL 
COn. SOn. En to Output 


tpLH 
Propagation 
Delay 
1.10 
2.50 
1.10 
2.40 
1.10 
2.60 
ns 
Figures 
1 and 2 
tpHL 
MS. MR to Output 


tTLH 
Transition 
Time 
0.45 
1.60 
0.45 
1.60 
0.45 
1.60 
Figures 
1 and 2 
tTHL 
20% to 80%. 
80% to 20% 
ns 


ts 
Setup Time 
00-02 
0.90 
0.70 
0.90 
Figures 3 and 4 
COn, SOn (Release 
Time) 
1.20 
1.10 
1.40 
ns 


MR. MS (Release 
Time) 
1.90 
1.90 
2.00 


th 
Hold Time 00-02 
0.60 
0.60 
0.80 
ns 
Figure 4 


tpw(L) 
Pulse Width 
LOW 
2.00 
2.00 
2.00 
Figure 2 
En. Ee 


ns 


tpw(H) 
Pulse Width HIGH 
2.00 
2.00 
2.00 
Figure 3 
COn. SOn, MR. MS 
ns 


o 
C') 
c; 
Cerpak AC Electrical Characteristics 
VEE= -4.2V to -4.8V, Vee = VeeA = GNO 
o 
.•.. 
TC = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 
Symbol 
Parameter 
Mln 
Max 
Min 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay On to 
0.50 
1.60 
0.50 
1.50 
0.50 
1.70 
ns 


tpHL 
Output (Transparent 
Mode) 
Figures 1and 2 
tpLH 
Propagation 
Delay 
0.65 
1.90 
0.75 
1.80 
0.75 
1.90 
ns 


tpHL 
Eeto 
Output 


tpLH 
Propagation 
Delay 
0.50 
1.80 
0.60 
1.55 
0.60 
1.80 
ns 
Figures 1,2 and 3 
tpHL 
COn, SOn, En to Output 


tpLH 
Propagation 
Delay 
1.10 
2.30 
1.10 
2.20 
1.10 
2.40 
ns 
Figures 1and 3 
tpHL 
MS, MR to Output 


tTLH 
Transition 
Time 
0.45 
1.50 
0.45 
1.50 
0.45 
1.50 
ns 
Figures 1and 2 
tTHL 
20% to 80%, 80% to 20% 


ts 
Setup Time 


00-02 
0.80 
0.60 
0.80 
Figures 3 and 4 
COn, SOn (Release 
Time) 
1.10 
1.00 
1.30 
ns 


MR, MS (Release 
Time) 
1.80 
1.80 
2.00 


th 
Hold Time 00- 02 
0.50 
0.50 
0.70 
ns 
Figure 4 


tpw(L) 
Pulse Width 
LOW 
2.00 
2.00 
2.00 
ns 
Figure 2 


En, Ee 


tpw(H) 
Pulse Width HIGH 
2.00 
2.00 
2.00 
ns 
Figure 3 
COn, SOn, MR, MS 


Vcc 


MR 
Q 


E 


D 
Q 


soo 


VEE 


-=- 


Notes: 
Vcc, VCCA= +2V, VEE~ -2.5V 
L1 and L2 = equal length 50n impedance 
lines 


RT = 50n 
terminator 
internal 
to scope 


Decoupling0.1 I'F from GNDto Vcc and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance 
:s;; 3 pF 


,r----------~ 
I 
\ 


\ 


80"" 


50"" 
t"'------ 


FIGURE 
2. Enable Timing 


3-74 


~" 
,x--------------- 


x 
X 


~ENA~BLE~~_-_~~'"l- 
..--=-t.~-~--~--- 


Notes: 
ts is the minimum time before the transition 
of the enable that information 


must be present at the data input. 
tt, is the minimum time after the transition of the enable that information 
must 
remain unchanged 
at the data input. 


TL/F/9852-9 


FIGURE 
4. Data Setup 
and Hold Time 


~National 
~ 
Semiconductor 


F100131 
Triple D Flip-Flop 


General Description 


The F1 00131 contains 
three Ootype, edge-triggered 
master/ 
slave 
flip-flops 
with true and complement 
outputs, 
a Com- 
mon Clock 
(CPc), 
and Master 
Set (MS) and Master 
Reset 
(MR) inputs. 
Each flip-flop 
has individual 
Clock (CPn), Direct 
Set (SOn) and Direct Clear (COn) inputs. 
Data enters 
a mas- 
ter when 
both 
CPn and CPc 
are 
LOW 
and transfers 
to a 
slave when CPn or CPc (or both) go HIGH. The Master 
Set, 


TL/F/9853-3 


Connection 
Diagrams 


24-Pin DIP 


CO2 
I 
24 
S02 


CP2 
2 
23 
COI 


O2 
3 
22 
CPI 


O2 
4 
21 
01 


O2 
S 
20 
SOl 


VCC 
6 
19 
MR 


VCCA 
7 
18 
VEE 


01 
8 
17 
CPc 
01 
9 
16 
MS 


00 
10 
IS 
SOo 


00 
11 
14 
COo 


DO 
12 
13 
CPo 


TLiF/9853-1 


3-76 


Master 
Reset 
and 
individual 
COn and 
SOn inputs 
override 
the Clock 
inputs. 
All inputs 
have 50 kO pull-down 
resistors. 


Refer to the F100331 
datasheet 
for: 
PCC packaging 
Lower power 
Military versions 
Extended 
voltage 
specs 
(-4.2V 
to -5.7V) 


Pin Names 
Description 


CPO-CP2 
Individual 
Clock Inputs 


CPc 
Common 
Clock Input 
00-02 
Data Inputs 


COO-CO2 
Individual 
Direct Clear Inputs 


SOn 
Individual 
Direct Set Inputs 


MR 
Master Reset Input 


MS 
Master Set Input 
00-02 
Data Outputs 
00-02 
Complementary 
Data Outputs 


24-Pln Quad Cerpak 


01 SOl MR VEE CPc MS 


0 
0 
0 
CP 


Co 
So 
CD 
So 
CD 


MS 


MR 


00 
00 
0, 
a, 
02 
02 
TLiF/9853-5 


Truth Tables 
(Each Flip-Flop) 


Synchronous 
Operation 
Asynchronous 
Operation 


Inputs 
Outputs 


On 
CPn 
CPc 
MS 
MR 
Qn(t+ 
1) 
SOn 
COn 


L 
J"" 
L 
L 
L 
L 


H 
J"" 
L 
L 
L 
H 


L 
L 
J"" 
L 
L 
L 


H 
L 
J"" 
L 
L 
H 


X 
L 
L 
L 
L 
Qn(!) 


X 
H 
X 
L 
L 
Qn(!) 


X 
X 
H 
L 
L 
Qn(!) 


H ~ 
HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = Don't Care 
U ~ Undefined 
t = Time before CP Positive Transition 
t+ 1 = Time after CP Positive Transition 
-.r - LOW to HIGH Transition 


Inputs 
Outputs 


On 
CPn 
CPc 
MS 
MR 
Qn(t+1) 
SOn 
COn 


X 
X 
X 
H 
L 
H 


X 
X 
X 
L 
H 
L 


X 
X 
X 
H 
H 
U 


• 


•..._--- 
-_ ...__ . ...- 
.._ .._ .._. -_ ....__ .._---_. 
-_._- 
vEE 
rill 
rVU:l'Ill1ClI LV UIVUIIU 
rill 
I.VY 
LV 
I 
V.oJY 


Office/Distributors 
for availability 
and specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 


Storage 
Temperature 
- 65°C to + 150°C 
Output Current 
(DC Output 
HIGH) 
-50mA 
Maximum 
Junction 
Temperature 
(TJ) 
+ 150°C 
Operating 
Range (Note 2) 
-5.7V 
to -4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = 
VCCA = 
GND, Tc 
= 
O°C to +85°C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN =VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH(Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
orVIL(Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
p.A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = 
VCCA = 
GND, Tc 
= 
O°C to +85°C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
or VIL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
p.A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = 
VCCA = 
GND, Tc 
= 
O°C to + 85°C (Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
p.A 
VIN = VIL (Min) 


Note 
1: Absolute 
maximum ratings are those values beyond which the device may be damaged 
or have its useful life impaired. Functional 
operation 
under these 
conditions 
is not implied. 


Note 
2: Parametric 
values specified at -4.2V 
to -4.8V. 


Note 
3: The specified 
limits represent 
the "worst case" 
value for the parameter. 
Since these "worst case" 
values normally occur at the temperature 
extremes, 
additional 
noise immunity and guard banding can be achieved 
by decreasing 
the allowable 
system operating 
ranges. 


Note 
4: Conditions for testing shown in the tables are chosen to guarantee 
operation 
under "worst case" 
conditions. 


-,...__ . 
- ---------- 
.. 


IIH 
Input HIGH Current 
CPn. Dn 
240 
MS. MR.CPe 
450 
I-'A 
VIN = VIH (Max) 


CDn• SDn 
530 


lEE 
Power Supply Current 
-149 
-106 
-74 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -4.8V. 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = D'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Mln 
Max 


fmax 
Toggle 
Frequency 
325 
325 
325 
MHz 
Figures 2 and 3 


tpLH 
Propagation 
Delay 
0.75 
2.40 
0.75 
2.15 
0.70 
2.30 
ns 


tpHL 
CPe to Output 
Figures 
1 and 3 


tpLH 
Propagation 
Delay 
0.70 
2.20 
0.70 
2.00 
0.70 
2.20 
ns 


tpHL 
CPn to Output 


tpLH 
Propagation 
Delay 
0.70 
1.90 
0.70 
1.70 
0.70 
1.80 
CPn. CPe = L 


tpHL 
CDn• SDn to Output 
ns 
tpLH 
0.70 
2.10 
0.70 
2.00 
0.70 
2.20 
CPn. CPe = H 


tpHL 
Figures 
tpLH 
Propagation 
Delay 
1.10 
2.70 
1.10 
2.60 
1.10 
2.70 
CPn. CPe = L 
1 and 4 


tpHL 
MS. MR to Output 
ns 
tpLH 
1.05 
3.05 
1.05 
2.95 
1.05 
3.05 
CPn. CPe = H 
tpHL 


tTLH 
Transition 
Time 
0.45 
2.20 
0.45 
1.80 
0.45 
1.90 
Figures 
1, 3 and 4 
tTHL 
20% to 80%. 80% to 20% 
ns 


ts 
Setup Time 


Figure 5 
Dn 
0.90 
0.70 
0.90 


CDn• SDn (Release 
Time) 
1.50 
1.30 
1.50 
ns 
MS. MR (Release 
Time) 
2.50 
2.30 
2.50 
Figure 4 


th 
Hold Time Dn 
0.60 
0.60 
0.80 
ns 
Figure 5 


tpw(H) 
Pulse Width HIGH 


CPn, CPe. CDn, 
2.00 
2.00 
2.00 
ns 
Figures 3 and 4 


SDn• MR. MS 
• 


.•.. 


CO) 
C; 
Cerpak AC Electrical Characteristics 
VEE = -4.2Vto 
-4.8V, 
Vee = VeeA = GNO 
o.•.. 
Symbol 
Parameter 
Tc = D'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Mln 
Max 


fmax 
Toggle 
Frequency 
350 
350 
350 
MHz 
Figures 2and 3 


tpLH 
Propagation 
Delay 
0.75 
2.20 
0.75 
1.95 
0.70 
2.10 
ns 


tpHL 
CPe to Output 
Figures 
1 and 3 


tpLH 
Propagation 
Delay 
0.70 
2.00 
0.70 
1.80 
0.70 
2.00 
ns 


tpHL 
CPn to Output 


tpLH 
Propagation 
Delay 
0.70 
1.70 
0.70 
1.50 
0.70 
1.60 
CPn, CPe = L 


tpHL 
COn, SOn to Output 
ns 


tpLH 
0.70 
1.90 
0.70 
1.80 
0.70 
2.00 
CPn, CPe = H 


tpHL 
Figures 
tpLH 
Propagation 
Delay 
1.10 
2.50 
1.10 
2.40 
1.10 
2.50 
CPn, CPe = L 
1 and 4 
tpHL 
MS, MR to Output 
ns 


tpLH 
1.05 
2.85 
1.05 
2.75 
1.05 
2.85 
CPn, CPe = H 


tpHL 


tTLH 
Transition 
Time 
0.45 
2.00 
0.45 
1.60 
0.45 
1.70 
Figures 
1,3and 4 


tTHL 
20% to 80%, 
80% to 20% 
ns 


ts 
Setup Time 
FigureS 
On 
0.80 
0.60 
0.80 


COn. SOn (Release 
Time) 
1.40 
1.20 
1.40 
ns 


MS, MR (Release 
Time) 
2.40 
2.20 
2.40 
Figure 4 


th 
Hold Time On 
0.50 
0.50 
0.70 
ns 
FigureS 


tpw(H) 
Pulse Width HIGH 


CPn, CPe, COn. 
2.00 
2.00 
2.00 
ns 
Figure 3and 4 


SOn, MR, MS 


L 1,-, 
r--------+ 
I 
\ , 
I 
.J. 


I 
I 
I 
1+ 1.05 V 


L2'-, 
0 
a 
, , 
.1 


RT 
-=- 


Nole: 
Vee. VeeA - 
+2V, 
VEE ~ 
-2.5V 
L1 and L2 = equal length son impedance 
lines 
RT = son terminator 
internal to scope 
Oecoupling 0.1 fLF from GND to Vcc and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance 
s; 3 pF 
• 


__I 


f 
\---50-%---+ 
1.05V 
-'1 1_ 
_. -+0.31 
V 
_t.~th-I 


-/-50% 
+1.0SV 


_____ 
...1. 
+0.31V 


Note: 


ts is the minimum time before the transition 
of the clock that information 
must be present at the data input. 


th is the minimum time after the transition of the clock that information 
must remain unchanged 
at the data input. 


• 


F100135 
Triple J-K Flip-Flop 


General Description 


The 
F100135 
contains 
three 
J-K, 
edge-triggered 
master- 
slave flip-flops 
with true and complement 
outputs. 
All have 


individual 
Clock 
(CPn), 
Clear 
(Cn), 
and 
Set 
(Sn) 
inputs. 


Clocking 
occurs 
on the rising edge 
of CPn. All inputs 
have 


50 kO pull-down 
resistors. 


52 
1 


J2 
2 


K2 
3 


Q2 
4 


02 
5 


Vee 
6 


VCCA 
7 
Q1 
8 


01 
9 


Qo 
10 


00 
11 


50 
12 


Features 


• 
Toggle 
frequency 
750 MHz Typical 


• 
Propagation 
delay 
2.2 ns max 


• 
Outputs 
specified 
to drive a 500 load 


Pin Names 
Description 


JO-J2 
J Inputs 


Ko-K2 
K Inputs 


SO-S2 
Direct Set Inputs 


CO-C2 
Direct Clear Inputs 


CPO-CP2 
Clock Inputs 


QO-Q2 
Data Outputs 
00-02 
Complementary 
Data Outputs 


24-Pln Quad Cerpak 


CPl J1 
K, VEE 51 
Ko 


C1 
1 


CP2 
2 


C2 
3 


52 
4 


J2 
5 


K2 
6 


Inputs 
Outputs 


In 
Kn 
CPn 
Sn 
Cn 
On(t + 1) 


L 
L 
~ 
L 
L 
an(!) 


L 
H 
~ 
L 
L 
L 


H 
L 
~ 
L 
L 
H 


H 
H 
~ 
L 
L 
an(!) 


X 
X 
H 
L 
L 
an(!) 


X 
X 
L 
L 
L 
an(!) 


Inputs 
Outputs 


In 
Kn 
CPn 
Sn 
Cn 
On 


X 
X 
X 
H 
L 
H 


X 
X 
X 
L 
H 
L 


X 
X 
X 
H 
H 
U 


H ~ HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = Don't Care 
U = Undefined 
t = 
Time before CP Positive Transition 


t + 1 = Time after CP Positive Transition 
../ 
= LOW-ta-HIGH 
Transition 
• 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
under Bias (Tcl 
O·Cto 
+ 85·C 


please 
contact 
the 
National 
Semiconductor 
Sales 
VEE Pin Potential 
to Ground 
Pin 
-7.0Vto 
+0.5V 


Office/Distributors 
for availability 
and specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 


Storage 
Temperature 
-65·C 
to + 150·C 
Output Current 
(DC Output 
HIGH) 
-50mA 


Maximum 
Junction 
Temperature 
(TJ) 
+ 150·C 
Operating 
Range (Note 2) 
-5.7Vto 
-4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = 
VCCA = 
GND, Tc 
= 
O·C to +85·C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN =VIH 
(Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
orVIL(Min) 
500 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH(Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
orVIL 
(Max) 
500 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
I-'A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = 
VCCA = 
GND, Tc 
= 
O·C to + 85·C (Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
500 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
or VIL (Max) 
500 
to -2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
I-'A 
VIN = VIL eMin) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
Vcc 
= 
VCCA = 
GND, Tc 
= 
O·C to +85·C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL(Min) 
500 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (M!n) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
500 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 


for All Inputs 


IlL 
Input LOW Current 
0.50 
I-'A 
VIN = VIL eM;n) 


Note 
1: Absolute 
maximum ratings are those values beyond which the device may be damaged 
or have its useful life impaired. Functional 
operation 
under these 
conditions 
is not implied. 


Note 2: Parametric values specified at -4.2V 
to -4.8V. 


Note 
3: The specified limits represent 
the "worst case" 
value for the parameter. 
Since these "worst case" 
values normally occur at the temperature 
extremes, 
additional 
noise immunity and guard banding can be achieved 
by decreasing 
the allowable 
system operating ranges. 


Note 
4: Conditions for testing shown in the tables are chosen to guarantee 
operation 
under "worst case" 
conditions. 


....,...__. 
. _. _...- ~_. 


IIH 
Input HIGH Current 
350 
/LA 
VIN = VIH (Max) 
All Inputs 


lEE 
Power Supply Current 
-195 
-150 
-90 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Characteristics 


VEE = -4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +2S'C 
Tc = +8S'C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Min 
Max 


fmax 
Toggle 
Frequency 
600 
600 
600 
MHz 
Figure 
1 


tpLH 
Propagation 
Delay 
0.70 
2.20 
0.70 
2.00 
0.70 
2.20 
ns 
Figures 2 and 3 
tpHL 
CP n to Output 


tpLH 
Propagation 
Delay 
0.90 
1.80 
0.90 
2.00 
0.90 
2.40 
ns 
CPn = L. CPn = H 
tpHL 
Cn• Sn to Output 


tTLH 
Transition 
Time 
0.30 
1.40 
0.30 
1.40 
0.30 
1.40 
ns 


tTHL 
20% to 80%. 80% to 20% 


ts 
Setup Time 
In• Kn toCPn 
0.90 
0.70 
0.90 
ns 


Cn, Sn (Release 
Time) 
1.50 
1.30 
1.50 
Figures 2 and 3 


tH 
Hold Time 
0.80 
0.80 
0.80 
In• Kn to CPn 


ns 


tpw(H) 
Pulse Width 
HIGH 
2.00 
2.00 
2.00 


CPn• Cn• Sn 
ns 


Cerpak AC Characteristics 
VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +2S'C 
Tc = +8S'C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Mln 
Max 


fmax 
Toggle 
Frequency 
650 
650 
650 
MHz 
Figure 
1 


tpLH 
Propagation 
Delay 
0.70 
2.00 
0.70 
1.80 
0.70 
2.00 
ns 
Figures 2 and 3 
tpHL 
CPn to Output 


tpLH 
Propagation 
Delay 
0.90 
1.60 
0.90 
1.80 
0.90 
2.20 
ns 
CPn = L. CPn = H 
tpHL 
Cn• Sn to Output 


tTLH 
Transition 
Time 
0.30 
1.30 
0.30 
1.30 
0.30 
1.30 


tTHL 
20% to 80%. 80% to 20% 
ns 


ts 
Setup Time 
In• Kn to CPn 
0.80 
0.60 
0.80 
ns 


Cn, Sn (Release 
Time) 
1.40 
1.20 
1.40 
Figures 2 and 3 


tH 
Hold Time 


0.70 
0.70 
0.70 
In• Kn toCPn 


ns 


tpw(H) 
Pulse Width HIGH 
2.00 
2.00 
2.00 
CPn, Cn, Sn 
ns 
• 


·1.05V 
In 
Qn 


,', 


CPn 
r 
T 
Kn 
Qn 


Cn 
50n 


,', 
r 


- 
t:f\.IUi::U 
I:;:flttl,iUI\",dl 
ItJ"l::tUI 
'"'Vi" 
IIIlg~ 


AT = 50n 
termination 
Decouple 
power supplies with 0.1 IJ-Ffrom Vcc 


and VEE to GND 
CL = Fixture and stray capacitance 
~ 3 pF 


Load all unused outputs with son to GND 
Set pulse generator 
output level for 740 mV pop 


at a frequency 
of 10 MHz as measured 
at the 


clock input pin of the device under test. Do not 
readjust this voltage 
for frequencies 
up to 'max' 


The pad isolates the generator 
output for D.U.T. 


input impedance 
variations. 
Signal voltage 
mea· 
sured at the D.U.T. input will vary as input imped· 
ance varies with frequency. 


TL/F/9854-6 


FIGURE 1.Toggle Frequency Test Circuit 


Notes: 


Vcc 
~ VCCA ~ 
+2V 


VEE ~ 
-2.5V 


Decouple 
power supplies with 0.1 ,...F from Vcc 


and VEE to GND 


AT = 50n 
termination 


Load all unused outputs with son to GND 


Cl 
== Fixture and stray capacitance 
::; 3 pF 


• = equal electrical 
length 50n lines 


" = Connect Scope CHAN A to pulse generator 
as required 
t = Connect pulse generator to input under test; 
else connect 
input to voltage 
source set to 
+ 1.05 vollS for logic HIGH or +0.31 
vollS for 
logic LOW 


Consull truth table for appropriale 
logical condi· 
tion 


..•. 
0 


1- 
~ 
1 
50% 


0..•. 
Co) 
C1I 
CPn 


tpw(H) 


"'me. 


"I 
en. Sn 
I 
\0% 


I- 
'p.IH) 


"~t'(RELEASE 
T1MEI--.J 


In• K" I 
\0% 


~I' 
1"1 
I 


On 
fO% 


I- 


tplH 
.. / 
On 


~ 
... 


\0% 


..I 


TRANSITION 
TIMES 


~ 


antOn 


tTLH~ 
tTHL 
1 


t==0.7tO.l n.~ 


~ 


·'.05V 


TEST 
80% 


INPUT SIGNAL 
50% 
CHARACTERISTICS 
20% 
+0.31V 
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FIGURE 3. Propagation Delays and Setup and Hold Time 


~National 
~ 
Semiconductor 


F100136 
4-Stage Counter/Shift 
Register 


General Description 


The 
F100136 
operates 
as 
either 
a 
modul0-16 
up/down 


counter 
or as a 4-bit bidirectional 
shift register. 
Three Select 


(Sn) inputs 
determine 
the mode 
of operation, 
as shown 
in 


the 
Function 
Select 
table. 
Two 
Count 
Enable 
(CEP, CET) 


inputs 
are 
provided 
for 
ease 
of 
cascading 
in multistage 


counters. 
One Count 
Enable 
(CET) input also doubles 
as a 
Serial 
Data (Do) input for shift-up 
operation. 
For shift-down 
operation, 
03 is the Serial Data input. In counting 
operations 


the Terminal 
Count 
(TC) output 
goes 
LOW when the coun- 


ter 
reaches 
15 in the 
count/up 
mode 
or 0 (zero) 
in the 


count/down 
mode. 
In the 
shift 
modes, 
the 
TC output 
re- 
peats the 03 output. 
The dual nature 
of this TC/03 
output 
and the Do/CET 
input means that one interconnection 
from 
one 
stage 
to the 
next 
higher 
stage 
serves 
as the 
link for 


multistage 
counting 
or shift-up 
operation. 
The individual 
Pre- 
set (Pn) inputs are used to enter data in parallel 
or to preset 
the counter 
in programmable 
counter 
applications. 
A HIGH 
signal 
on the 
Master 
Reset 
(MR) 
input 
overrides 
all other 


inputs 
and asynchronously 
clears 
the flip-flOps. 
In addition, 


a synchronous 
clear 
is provided, 
as well as a complement 
function 
which 
synchronously 
inverts 
the 
contents 
of the 


flip-flops. 
All inputs 
have 50 k.o. pUll-down 
resistors. 


Refer to the F100336 
datasheet 
for: 


PCC packaging 
Lower 
power 
Military versions 
Extended 
voltage 
specs 
(-4.2V 
to -5.7V) 


DO/CEr 


CEP 


S2 


SI 


So 


llR 


VEE 


CP 


Po 


P1 


P2 


P3 


Pin Names 
Description 


CP 
Clock Pulse Input 
CEP 
Count Enable 
Parallel 
Input (Active 
LOW) 


Do/CET 
Serial Data Input/Count 
Enable 
Trickle 
Input (Active 
LOW) 


SO-S2 
Select 
Inputs 
MR 
Master 
Reset Input 


PO-P3 
Preset Inputs 


03 
Serial Data Input 
TC 
Terminal 
Count Output 


00-03 
Data Outputs 
00-03 
Complementary 
Data Outputs 


24-Pln 
Quad Cerpak 


51 So llR VEE CP Po 


S2 
1 


CEP 
2 
Dalm 
3 


fC 
4 


00 
5 
00 
6 


..•. 


Logic Diagram 
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Function 
Select Table 


S2 
Sl 
So 
Function 


L 
L 
L 
Parallel Load 
L 
L 
H 
Complement 
L 
H 
L 
Shift Left 
L 
H 
H 
Shift Right 
H 
L 
L 
CountDown 
H 
L 
H 
Clear 
H 
H 
L 
Count Up 
H 
H 
H 
Hold 


Truth Table 
00 = LSB 


Inputs 
Outputs 


MR 
S2 
Sl 
So 
CEP 
Oo/CET 
03 
CP 
03 
02 
01 
00 
TC 
Mode 


L 
L 
L 
L 
X 
X 
X 
....r 
P3 
P2 
Pl 
Po 
L 
Preset (Parallel Load) 


L 
L 
L 
H 
X 
X 
X 
....r 
03 
02 
01 
00 
L 
Invert 


L 
L 
H 
L 
X 
X 
X 
....r 
D3 
03 
02 
D1 
D3 
Shift Left 


L 
L 
H 
H 
X 
X 
X 
....r 
02 
01 
00 
Do 
03' 
Shift Right 


L 
H 
L 
L 
L 
L 
X 
....r 
(00-3) minus 1 
CD 
CountDown 


L 
H 
L 
L 
H 
L 
X 
X 
03 
02 
01 
00 
CD 
Count Down with CEP not active 
L 
H 
L 
L 
X 
H 
X 
X 
03 
02 
01 
00 
H 
Count Down with CET not active 


L 
H 
L 
H 
X 
X 
X 
....r 
L 
L 
L 
L 
H 
Clear 


L 
H 
H 
L 
L 
L 
X 
....r 
(00-3) plus 1 
® 
Count Up 


L 
H 
H 
L 
H 
L 
X 
X 
03 
02 
01 
00 
® 
Count Up with CEP not active 
L 
H 
H 
L 
X 
H 
X 
X 
03 
02 
01 
00 
H 
Count Up with GET not active 


L 
H 
H 
H 
X 
X 
X 
X 
03 
02 
01 
00 
H 
Hold 


H 
L 
l. 
L 
X 
X 
X 
X 
L 
L 
L 
L 
L 
H 
L 
L 
H 
X 
X 
X 
X 
L 
L 
L 
L 
L 
H 
L 
H 
L 
X 
X 
X 
X 
L 
L 
L 
L 
L 
H 
L 
H 
H 
X 
X 
X 
X 
L 
L 
L 
L 
L 
H 
H 
L 
L 
X 
L 
X 
X 
L 
L 
L 
L 
L 
Asynchronous 


H 
H 
L 
L 
X 
H 
X 
X 
L 
L 
L 
L 
H 
Master Reset 


H 
H 
L 
H 
X 
X 
X 
X 
L 
L 
L 
L 
H 
H 
H 
H 
L 
X 
X 
X 
X 
L 
L 
L 
L 
H 
H 
H 
H 
H 
X 
X 
X 
X 
L 
L 
L 
L 
H 


0= 
L if 00-03 ~ LLLL 
·Before the clock, TC is 03 


H if 00-03 "" LLLL 
After the clock, TC is 02 


(i)~ 
L if 00-03 ~ HHHH 


H if 00-03 ""HHHH 


H ~ 
HIGH Vollage 
Level 


L~ 
LOW Vollage 
Level 


X= 
Don't Care 


.../ 
~ LOW-la-HIGH 
Transilion 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
under Bias (Tcl 
O·Cto 
+85·C 


please 
contact 
the 
National 
Semiconductor 
Sales 
VEE Pin Potential 
to Ground 
Pin 
-7.0Vto 
+0.5V 
Office/Distributors 
for 
availability 
and 
specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 
Storage 
Temperature 
- 65·C to + 150·C 
Output Current 
(DC Output 
HIGH) 
-50mA 


Maximum 
Junction 
Temperature 
(TJ) 
+ 150·C 
Operating 
Range (Note 2) 
-5.7Vto 
-4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = VCCA = GND, Tc = O·C to + 85·C (Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
OrVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH(Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
orVIL 
(Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 


for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
",A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = VCCA = GND, Tc = O·C to + 85·C (Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
OrVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
orVIL 
(Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
",A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = VCCA = GND, Tc = O·C to + 85·C (Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
or VIL (Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
OrVIL(Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
",A 
VIN = VIL (Min) 


Note 
1: Absolute 
maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional 
operation 
under these 


conditions 
is not implied. 


Note 2: Parametric values specified 
at -4.2V 
to -4.8V. 


Note 3: The specified 
limits represent 
the "worst 
case" value for the parameter. 
Since these "worst 
case" 
'1a\uBs norma\lv occur at the temperature 
extremes, 
additional 
noise immunity and guard banding can be achieved by decreasing 
the allowable system operating 
ranges. 


Note 4: Conditions 
for testing shown in the tables are chosen to guarantee operation 
under "worst 
case" conditions. 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V 
unless 
otherwise 
specified, 
Vee = VeeA = GND, Te = O·C to +85·C 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


IIH 
Input HIGH Current 


Pn,Sn 
180 


CEP 
200 


MR 
240 
/-LA 
VIN = VIH (Max) 


D3 
280 


CP 
390 


Do/CET 
530 


lEE 
Power Supply Current 
-283 
-195 
-136 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Characteristics 


VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O·C 
Tc = +2S·C 
Tc = +8S·C 
Units 
Conditions 


Min 
Max 
Min 
Max 
Min 
Max 


fshift 
Shift Frequency 
250 
250 
250 
MHz 
Figures 2 and 3 


tpLH 
Propagation 
Delay 
0.85 
2.10 
0.85 
2.10 
0.85 
2.25 
ns 
tpHL 
CPtoQn, 
On 
Figures 
1 and 3 


tpLH 
Propagation 
Delay 
1.90 
4.80 
1.90 
4.60 
1.90 
5.20 
ns 
tPHL 
CPtoTC 


tpLH 
Propagation 
Delay 
1.20 
2.95 
1.35 
2.95 
1.20 
3.10 
ns 
tpHL 
MR to Qn, On 
Figures 
1 and 4 
tpLH 
Propagation 
Delay 
2.20 
4.80 
2.20 
4.80 
2.20 
5.30 
ns 
tpHL 
MRtoTC 


tpLH 
Propagation 
Delay 
1.40 
3.20 
1.40 
3.20 
1.40 
3.50 
ns 
tpHL 
Do/CETto 
TC 
Figures 
1 and 5 
tpLH 
Propagation 
Delay 
0.90 
3.80 
1.00 
3.80 
1.00 
4.30 
ns 
tpHL 
SntoTC 


tTLH 
Transition 
Time 
0.45 
1.80 
0.45 
1.80 
0.45 
1.80 
Figures 
1 and 3 


tTHL 
20% to 80%, 80% to 20% 
ns 


ts 
Setup Time 


D3 
1.20 
1.20 
1.20 


Pn 
1.70 
1.70 
1.70 
Figure 6 
Do/CET, 
CEP 
1.45 
1.45 
1.45 
ns 


Sn 
3.30 
3.30 
3.30 
MR (Release 
Time) 
2.60 
2.60 
2.60 


th 
Hold Time 


D3 
0.20 
0.20 
0.20 
Pn 
0.10 
0.10 
0.10 
ns 
Fjgure6 


Do/CET, 
CEP 
0.20 
0.20 
0.20 


Sn 
-0.90 
-0.90 
-0.90 


tpw(H) 


Pulse Width HIGH 
2.00 
CP,MR 
2.00 
2.00 
ns 
Figures 3 and 4 


Min 
Max 
Mln 
Max 
Mln 
Max 


Ishilt 
Shift Frequency 
250 
250 
250 
MHz 
Figures 2 and 3 


tpLH 
Propagation 
Delay 
0.85 
1.90 
0.85 
1.90 
0.85 
2.05 
ns 


tpHL 
CPtoOn, 
On 
Figures 
1 and 3 
tpLH 
Propagation 
Delay 
1.90 
4.60 
1.90 
4.40 
1.90 
5.00 
ns 


tpHL 
CPtoTC 


tpLH 
Propagation 
Delay 
1.20 
2.75 
1.35 
2.75 
1.20 
2.90 
ns 


tpHL 
MR to On, On 
Figures 
1 and 4 


tpLH 
Propagation 
Delay 
2.20 
4.60 
2.20 
4.60 
2.20 
5.10 
ns 


tpHL 
MRtoTC 


tpLH 
Propagation 
Delay 
1.40 
3.00 
1.40 
3.00 
1.40 
3.30 
ns 


tpHL 
Do/CETtoTC 
Figures 
1 and 5 


tpLH 
Propagation 
Delay 
0.90 
3.60 
1.00 
3.60 
1.00 
4.10 
ns 


tpHL 
SntoTC 


tTLH 
Transition 
Time 
0.45 
1.70 
0.45 
1.70 
0.45 
1.70 
ns 
Figures 
1 and 3 
tTHL 
20% to 80%, 80% to 20% 


ts 
Setup Time 


03 
1.10 
1.10 
1.10 


Pn 
1.60 
1.60 
1.60 
ns 
Figure 6 
Do/CET, 
CEP 
1.35 
1.35 
1.35 


Sn 
3.20 
3.20 
3.20 


MR (Release 
Time) 
2.50 
2.50 
2.50 


th 
Hold Time 
03 
0.10 
0.10 
0.10 


Pn 
0 
0 
0 
ns 
Figure 6 


Do/CET, 
CEP 
0.10 
0.10 
0.10 


Sn 
-1.00 
-1.00 
-1.00 


tpw(H) 
Pulse Width 
HIGH 
2.00 
2.00 
2.00 
ns 
Figures 3 and 4 
CP,MR 
• 


! 
II,.., 
I 
, 
, 
RT! 


Not •• : 


Vcc. VCCA = +2V. VEE ~ 
- 2.5V 


11, l2 and L3 = equal length 500 impedance 
lines 


RT "'" 50n terminator 
internal 
to scope 


Decoupling 0.' I'F from GND to Vcc and VEE 


All unused outputs are loaded with 500 to GND 


CL = Fixture and stray capacitance 
:s;3 pF 


Pin numbers 
shown 
are for f1atpak; 


for DIP see logic symbol 


1 


500 


Not •• : 


For shift right mode. + 1.05V is applied at So. 
The feedback 
path from output to input should be as short as possible. 


__I 


• 


_1," :=-'h-I 
f~50-%--------- +1.05 
V 


CLOCK 
------. 
+ 0.31 V 


Not •• : 


ls is the minimum time before the transition of the clock that information 
must be present at the data input. 


It, is the minimum time after the transition 
of the clock that information 
must remain unchanged 
at the data input. 


FIGURE 
6. Setup 
and Hold Time 


a-Stage Divider, Preset Count Down Mode 


PRESET N 


(LSB) r--------------~A--------------- 


po·p. 
PO-P3 


52 
52 


COUNT 
CEP 
F100136 
CEP 
F100136 


ENABLE 
TC 


fiN 
CP 
TC 
CP 


QO 
Q, 
Q2 
Q. 


\ 
(MSB) 


Na-N11 


4 


52 
PO·p. 


CEP 
F100138 
CET 
TC 
CP 


F100141 
8-Bit Shift Register 


General Description 


The 
F100141 
contains 
eight 
edge-triggered. 
Ootype 
f1ip- 
flops with individual 
inputs 
(Pn) and outputs 
(Qn) for parallel 
operation. 
and with serial 
inputs 
(On) and steering 
logic for 
bidirectional 
shifting. 
The flip-flops 
accept 
input data a setup 
time 
before 
the positive-going 
transition 
of the clock 
pulse 
and their outputs 
respond 
a propagation 
delay after this ris- 
ing clock 
edge. 


The circuit 
operating 
mode 
is determined 
by the Select 
in- 
puts So and 51. which are internally 
decoded 
to select either 


"parallel 
entry", 
"hold". 
"shift 
left" 
or "shift 
right" 
as de- 
scribed 
in the Truth Table. 
All inputs 
have 50 kO pull-down 
resistors. 


Refer to the Fl00341 
datasheet 
for: 
PCC packaging 
Lower power 
Military versions 
Extended 
voltage 
specs 
(-4.2V 
to -5.7V) 


DO 
1 


00 
2 
01 
3 


02 
4 


03 
5 


Vcc 
6 


VCCA 
7 


04 
8 


05 
9 


06 
10 


07 
11 


07 
12 


24 
Po 


23 
P1 


22 
P2 
21 
P3 


20 
S1 


19 
So 


18 
VEE 


17 
CP 


16 
P4 


15 
Ps 
14 
P6 


13 
P7 


Pin Names 
Description 


CP 
Clock Input 


So. 51 
Select 
Inputs 


00.07 
Serial Inputs 


PO-P7 
Parallel 
Inputs 


QO-Q7 
Data Outputs 


24-Pln 
Quad 
Cerpak 


P3 
S1 So VEE CP P4 


P2 
1 


P1 
2 


Po 
3 


Do 
4 


00 
5 
0, 
6 


Function 
Inputs 
Outputs 


07 
DO 
Sl 
So 
CP 
07 
06 
Os 
04 
03 
02 
01 
00 


Load Register 
X 
X 
L 
L 
.../ 
P7 
P6 
Ps 
P4 
P3 
P2 
P1 
Po 


Shift Left 
X 
L 
L 
H 
.../ 
06 
05 
04 
03 
02 
01 
00 
L 


Shift Left 
X 
H 
L 
H 
.../ 
06 
05 
04 
03 
02 
01 
00 
H 


Shift Right 
L 
X 
H 
L 
-.../ 
L 
07 
06 
05 
04 
03 
02 
01 
Shift Right 
H 
X 
H 
L 
.../ 
H 
07 
06 
05 
04 
03 
02 
01 


Hold 
X 
X 
H 
H 
X 


Hold 
X 
X 
X 
X 
H 
No Change 


Hold 
X 
X 
X 
X 
L 


H ~ 
HIGH Voltage Level 


L - 
LOW Voltage Level 


X = Oon't Care 
...-r = LOW-ta-HIGH 
transition 
• 


Absolute 
Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors 
for 
availability 
and specifications. 


Storage 
Temperature 
-65'C 
to + 150'C 


Maximum 
Junction 
Temperature 
(TJ) 
+ 150'C 


Case Temperature 
under Bias (Tcl 


VEE Pin Potential 
to Ground 
Pin 


Input Voltage 
(DC) 


Output Current 
(DC Output 
HIGH) 


Operating 
Range (Note 2) 


O'Cto 
+ 85'C 


-7.0Vto 
+0.5V 


VEEto 
+0.5V 


-50mA 


-5.7Vto 
-4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH(Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
orVIL(Max) 
50n 
to - 2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
/-LA 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
orVIL(Max) 
50n 
to - 2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
/-LA 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = VCCA = GND, Tc = O'C to + 85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL(Min) 
50n 
to - 2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
/-LA 
VIN = VIL (Min) 


Note 
1: Absolute 
maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional 
operation 
under these 
conditions 
is not implied. 


Note 2: Parametric values specified at -4.2V 
to -4.8V. 


Note 3: The specified 
limits represent the "worst 
case" value tor the parameter. 
Since these "worst 
case" values normally occur at the temperature 
extremes, 
additional 
noise immunity and guard banding can be achieved by decreasing 
the allowable system operating 
ranges. 


Note 4: Conditions 
for testing shown in the tables are chosen to guarantee operation 
under "worst 
case" conditions. 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V 
unless 
otherwise 
specified, 
Vee = VeeA = GND, Te = O°C to +85°C 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


IIH 
Input HIGH Current 
Dn, Pn, Sn 
220 
I'-A 
VIN = VIH (Max) 
CP 
550 


lEE 
Power Supply Current 
-238 
-170 
-119 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = DOC 
Tc = +25°C 
Tc = +85°C 
Units 
Conditions 
Min 
Max 
Min 
Max 
Min 
Max 


fshilt 
Shift Frequency 
275 
275 
255 
MHz 
Figures 2 and 3 


tpLH 
Propagation 
Delay 
0.90 
2.40 
1.10 
2.30 
1.10 
2.50 
ns 
tpHL 
CP to Output 
Figures 
1 and 3 
tTLH 
Transition 
Time 
0.45 
1.50 
0.45 
1.40 
0.45 
1.50 


tTHL 
20% to 80%, 
80% to 20% 
ns 


ts 
Setup Time 
Dn, Pn 
0.85 
0.85 
0.85 


Sn 
2.20 
2.20 
2.20 
ns 
Figure 4 
tH 
Hold 
Dn, Pn 
0.60 
0.60 
0.60 


Sn 
0.10 
0.10 
0.10 
ns 


tpw(H) 
Pulse Width 
HIGH 
2.00 
2.00 
2.00 
Figure 3 
CP 
ns 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = DOC 
Tc = +25°C 
Tc = +85°C 
Units 
Conditions 
Min 
Max 
Min 
Max 
Min 
Max 


fshilt 
Shift Frequency 
300 
300 
280 
MHz 
Figures 2 and 3 


tpLH 
Propagation 
Delay 
0.90 
2.20 
1.10 
2.10 
1.10 
2.30 
ns 
tpHL 
CP to Output 
Figures 
1 and 3 
tTLH 
Transition 
Time 
0.45 
1.40 
0.45 
1.30 
0.45 
1.40 


tTHL 
20% to 80%, 
80% to 20% 
ns 


ts 
Setup Time 
Dn,Pn 
0.75 
0.75 
0.75 


Sn 
2.10 
2.10 
2.10 
ns 
Figure 4 
tH 
Hold 
Dn, Pn 
0.50 
0.50 
0.50 


Sn 
0 
0 
0 
ns 


tpw(H) 
Pulse Width 
HIGH 
2.00 
2.00 
2.00 
Figure 3 
CP 
ns 
Ell 


17 


16 


50n 
15 


14 
50 n 
50n 
6 
13 
7 
8 
9 
10 11 12 


50n 
50n 


50n 
50n 


":" 


25.F r 


Vcc 


rO.1J1F 


l1,-, 


, 
I1 
RT 


":" 


l2,-, 
, 
I1 
50 I) 


":" 


":" 


Notes: 


VCC. VCCA ~ 
+2V, 
VEE ~ 
-2.5V 
11. l2 and l3 - 
equal length son impedance 
lines 
RT = 50n terminator 
internal 
to scope 
Decoupling 
0.1 fLF from GND to Vcc and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture 
and stray capacitance 
:5:: 3 pF 
Pin numbers 
shown are for flatpak; for DIP see logic symbol 


TUF/9856-6 


,~, 


, 
I 
111 
- ,-, 


\ 
II 
So 
RT 
S, 
5011 


":" r, 
, 
I 
":' 
1 


Notes: 


For shift right mode pulse generator 
connected 
to So is moved to 5,- 


Pulse generator 
connected 
to 51 has a LOW frequency 
99% 
duty cycle. which allows occasional 
parallel load. 


The feedback 
path from output to input should be as short as possible. 


f 
\--s-0-"/o--_+1.0SV 


____ 
~. 
••.---- 
+0.31v 
_tl:=-Ih-! 
/*'50-"/o---------+1.0S 
v 


-----,. 
+0.31V 


Note: 
t5 is the minimum time before the transition 
of the clock that information 
must be present at the data input. 


th is the minimum time after the transition of the clock that information 
must 
remain unchanged 
at the data input. 


TLiF/9856-9 
FIGURE 
4. Setup 
and Hold Times 


• 


~National 
~ 
Semiconductor 


F100142 
4 x 4-Bit Content Addressable Memory 


General Description 
The F100142 is a 4 word by 4-bit Content Addressable 
Memory (CAM). Reading is accomplished when an address 
select input (Ao. A7. A2. A3) is LOW and the write strobe 
input (WS) is HIGH. The corresponding stored word appears 
on the data outputs (00-03)' 
Writing can be performed to 


individual bits of a word or to the whole word. (A LOW on an 
address select input enables a 4-bit word.) A LOW on a bit 
mask input (MKo. MK1. MK2. MK3) enables a bit within all 
four 4-bit words. Write data is presented on the data inputs 
(Do. 01. 02. 03) and is latched into the addressed bit latch 
when the write strobe input (WS) is LOW. Hence. the bit 


mask inputs are used to selectively store data bit-wise with- 
in an addressed word. During writing. the data input word is 
simultaneously compared to each of the stored memory 
words. A search/compare is performed by placing a LOW 
on the bit mask inputs and presenting a data pattern to the 
data inputs. Corresponding to the bit mask inputs. the match 
outputs (Mo-M3) 
go LOW if a data bit of the pattern 
matches the respective stored bit. A HIGH on any bit mask 
input forces a LOW on the respective match output. Each 
input has a 50 kfi (typical) pull-down resistor to VEE. 


Pin Names 
Description 


MKo-MK3 
Data Mask Inputs 
Ao-A3 
Address Inputs 
00-03 
Data Inputs 
WS 
Write Strobe Input 


Mo-M3 
Match Outputs 
00-03 
Data Outputs 


24·Pln DIP 
24·Pln Quad Cerpak 


Ao 
AI 
ViS VEE A2 
A3 


MK3 
24 
03 


Mo 
23 
MK2 


MI 
22 
O2 


M2 
21 
Ao 


M3 
20 
Al 


Vcc 
19 
ViS 


VCCA 
18 
VEE 


03 
17 
A2 


02 
16 
A3 


01 
15 
DO 


00 
14 
MKo 


MK1 
13 
01 


TLIF/9857-1 


3-106 


O2 
DO 


MK2 
MKo 
03 
0, 


MK3 
MK, 


Mo 
00 


M, 
0, 


WS 
AO 
Do 
MKO 
Mo 
00 


A1 
D1 
MK1 
M1 
01 


A2 
D2 
MK2 
M2 
02 


A3 
D3 
MK3 
M3 
03 


Write 
X 
H 
X 
X 
NC 
X 
L 


Disabled 
X 
L 
X 
H 
NC 
L 
Ojjn-1 


Write 
L 
L 
H 
L 
H 
L 
H 
L 
L 
L 
L 
L 
L 
L 


Read 
H 
L 
X 
X 
H 
X 
H 
H 
L 
X 
X 
L 
X 
L 


Match 
H 
X 
X 
H 
NC 
L 
X 
Masked 


Match 
Not 
H 
L 
H 
L 
L 
H 
L 


Satisfied 
H 
H 
H 
L 
L 
H 
L 
H 
H 
L 
L 
H 
H 
L 
H 
L 
L 
L 
H 
H 
H 


Match 
H 
L 
H 
L 
H 
L 
H 


Satisfied 
H 
H 
H 
L 
H 
L 
L 
H 
H 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 


H ~ 
HIGH Voltage Level 
L - 
LOW Voltage Level 


X = Don't Care 
NC = No Change 
from Previous State 
WS ~ Write Strobe 


Aj = Address 
for ith Word 
OJ ~ Data for jth Bit 


MKj ~ 
Data Mask for jth Bit 
H ~ 
Mask 


Oij ~ Cell State for ith Word, jth Bit 


M; ~ 
Match Output of ith Word 
L = True 


OJ ~ Data Output of jth Bit 


an -1 
= Previous Cell State 


umCe/UIStrlDUIDrs 
TDr avallaDllltY 
ana speClTlcatlons. 


Storage 
Temperature 
- 65·C to + 150·C 


Maximum 
Junction 
Temperature 
(TJ) 
+ 150·C 


Input Voltage 
(DC) 


Output Current 
(DC Output 
HIGH) 


Operating 
Range (Note 2) 


VEEto 
+0.5V 


-50mA 


-5.7V 
to -4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = VCCA = GND, Tc = O·C to + 85·C (Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH(Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
OrVIL(Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
IJ-A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = -4.2V, 
VCC = VCCA = GND, Tc = O·C to + 85·C (Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
orVIL(Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
IJ-A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = VCCA = GND, Tc = O·C to + 85·C (Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 


for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
IJ-A 
VIN = VIL (Min) 


Note 
1: Absolute 
maximum 
ratings are those values 
beyond 
which the device 
may be damaged 
or have its useful life impaired. 
Functional 
operation 
under these 
conditions 
is not implied. 


Note 2: Parametric values specified at -4.2V 
to -4.8V. 


Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" 'Ja\ues normally occur at the temperature extremes, 
additional 
noise immunity and guard banding 
can be achieved 
by decreasing 
the allowable 
system 
operating 
ranges. 


Note 
4: Conditions for testing shown in the tables are chosen to guarantee 
operation 
under "worst case" 
conditions. 


• 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V 
unless 
otherwise 
specified, 
Vee = VeeA = GND, Te = O·C to +85·C 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


IIH 
Input HIGH Current 
200 
p.A 
VIN = VIH (Max) 


All Inputs 


lEE 
Power Supply Current 
-288 
-190 
-114 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O·C 
Tc = +25·C 
Tc = +85·C 
Units 
Conditions 


Min 
Max 
Min 
Max 
Min 
Max 


tAD 
Address 
to Data Out 
1.20 
4.40 
1.20 
4.30 
1.20 
4.50 
ns 
Figures 2 and 3 


tOM 
Data In to Match Out Time 
1.60 
3.70 
1.60 
3.60 
1.60 
3.80 
ns 


tMM 
Mask In to "Enable 
FigureS 


Partial" 
Match Out Time 
1.20 
3.90 
1.20 
3.90 
1.20 
4.00 
ns 


too 
Data In to New Data Out 
1.70 
4.40 
1.70 
4.40 
1.70 
4.60 
ns 


two 
Write to New Data Out 
2.50 
5.40 
2.50 
5.20 
2.30 
5.10 
ns 


tAM 
Address 
to Match 
2.50 
4.60 
2.50 
4.60 
2.50 
4.90 
ns 
Figure 2 


tMO 
Mask to Data 
2.20 
4.90 
2.20 
4.80 
2.20 
5.00 
ns 


tWSM 
WSto 
Match 
2.80 
4.90 
2.80 
4.80 
2.80 
5.10 
ns 


tw 
Write Pulse Width 
1.30 
1.30 
1.30 
ns 


tAS 
Address 
Setup before Write Time 
1.40 
1.40 
1.40 
ns 


tAH 
Address 
Hold after Write Time 
1.40 
1.40 
1.40 
ns 


tos 
Data In Setup before Write Time 
0.60 
0.60 
0.60 
ns 
Figure 
1 


tOH 
Data In Hold after Write Time 
1.10 
1.10 
1.10 
ns 


tMH 
Mask In Hold Write Time 
2.50 
2.50 
2.50 
ns 


tMS 
Mask In Setup Write Time 
1.10 
1.10 
1.10 
ns 


tTLH 
Transition 
Time 
0.50 
2.30 
0.50 
2.30 
0.50 
2.30 
Figure 2 
tTHL 
20% to 80%, 80% to 20% 
ns 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O·C 
Tc = +25·C 
Tc = +85·C 
Units 
Conditions 


Min 
Max 
Min 
Max 
Min 
Max 


tAD 
Address 
to Data Out 
1.20 
4.20 
1.20 
4.10 
1.20 
4.30 
ns 
Figures 2 and 3 


tOM 
Data In to Match Out Time 
1.60 
3.50 
1.60 
3.40 
1.60 
3.60 
ns 


tMM 
Mask In to "Enable 
FigureS 


Partial" 
Match Out Time 
1.20 
3.70 
1.20 
3.70 
1.20 
3.80 
ns 


too 
Data In to New Data Out 
1.70 
4.20 
1.70 
4.20 
1.70 
4.40 
ns 


two 
Write to New Data Out 
2.50 
5.20 
2.50 
5.00 
2.30 
4.90 
ns 


tAM 
Address 
to Match 
2.50 
4.40 
2.50 
4.40 
2.50 
4.70 
ns 
Figure 2 


tMO 
Mask to Data 
2.20 
4.70 
2.20 
4.60 
2.20 
4.80 
ns 


tWSM 
WSto 
Match 
2.80 
4.70 
2.80 
4.60 
2.80 
4.90 
ns 


tw 
Write Pulse Width 
1.20 
1.20 
1.20 
ns 


tAS 
Address 
Setup before Write Time 
1.30 
1.30 
1.30 
ns 


tAH 
Address 
Hold after Write Time 
1.30 
1.30 
1.30 
ns 


tos 
Data In Setup before Write Time 
0.50 
0.50 
0.50 
ns 
Figure 
1 


tOH 
Data In Hold after Write Time 
1.00 
1.00 
1.00 
ns 


tMH 
Mask In Hold Write Time 
2.40 
2.40 
2.40 
ns 


tMS 
Mask In Setup Write Time 
1.00 
1.00 
1.00 
ns 


tTLH 
Transition 
Time 
0.50 
2.20 
0.50 
2.20 
0.50 
2.20 
Figure 2 
tTHL 
20% to 80%, 
80% to 20% 
ns 


0.7±0.1 
nS_~1 1-l 
i=07±01 
ns 
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Note: 


Vcc. VCCA~ 
+2V. VEE ~ 
-2.5V 


L1, L2 and L3 = equal length 50n impedance 
lines 
AT = son terminator 
internal to scope 
Decoupling 
0.1 fLF from GND to Vcc and VEE 


All unused outputs are loaded with 50n to GND 
CL = Fixture and stray capacitance 
~ 3 pF 


~-~ 
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N~o 
Switching Waveforms 
(Continued) 
o 
.•.. 


Application 


The F100142 
is an ideal choice 
for the register 
file unit of a 


bit-slice 
processor. 
Figure 5 shows 
the configuration 
of four 


F1 00145s 
into a 16 x 16 register file. The write enbles 
(WE" 


WE2) and output 
enables 
(OE" 
OE2) are configured 
to al- 


low access 
to one 
array 
of sixteen 
16·bit 
registers 
or two 


arrays 
of 
sixteen 
a-bit 
registers. 
Simultaneous 
read 
and 


write 
addressing 
is made 
possible 
with 
separate 
buses. 
Also. reading 
and then writing to the same address 
is easily 


and efficiently 
done 
by tying one write enable 
to an output 


enable. 


D:~N-V 
X:----- 


=.:Ji'1\\ 
oJ/j-.. 
-- 


..--tOM----+-] 
....-tOM-' 
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MASK OUT BIT 
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COMPAREFOR 
~50% 


• ONE OR MOREBITS. 
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F100150 
Hex D Latch 


General Description 


The F1 00150 
contains 
six D-type latches 
with true and com- 
plement 
outputs. 
a pair of common 
Enables 
(Ea and Eb). 
and a common 
Master 
Reset (MR). A 0 output follows 
its D 
input when 
both Ea and Eb are LOW. When 
either Ea or Eb 
(or both) are HIGH. a latch stores the last valid data present 
on its D input 
before Ea or Eb went 
HIGH. 
The 
MR input 


overrides 
all other inputs and makes the 0 outputs 
LOW. All 
inputs 
have 50 kO pull-down 
resistors. 


Refer to the F100350 
datasheet 
for: 
PCC packaging 
Lower power 
Military 
versions 
Extended 
voltage 
specs (-4.2V 
to -5.7V) 


Pin Names 
Description 


Do-Ds 
Data Inputs 
Ea. Eb 
Common 
Enable 
Inputs (Active 
LOW) 


MR 
Asynchronous 
Master 
Reset Input 
00-05 
Data Outputs 
00-05 
Complementary 
Data Outputs 


TL/F/9858-3 


Connection 
Diagrams 


24-Pln DIP 
24·Pln 
Quad 
Cerpak 


Os 


Eb fa IoIRVEE D3 
D2 
1 
24 
°5 


04 
2 
23 
Ds 
D4 
1 
D1 
°4 
3 
22 
04 
Ds 
2 
Do 
03 
4 
21 
Eb 
Os 
3 
°0 
°3 
5 
20 
Ea 
• 


05 
4 
00 
Vcc 
6 
19 
IoIR 
04 
5 
°1 
VCCA 
7 
18 
VEE 
°4 
6 
0, 
O2 
8 
17 
03 


°2 
9 
16 
O2 


0, 
10 
15 
0, 
03 
03 Vcc VCCAO2 02 


TL/F/9858-2 
°1 
11 
14 
DO 


00 
12 
13 
°0 


TL/F/9858-1 


o 
lI)o 
Logic Diagram 
o•.. 


Truth Tables 
(Each Latch) 


Latch Operation 


Inputs 
Outputs 


On 
Ea 
Eb 
MR 
Qn 


L 
L 
L 
L 
L 
H 
L 
L 
L 
H 


X 
H 
X 
L 
LatchedO 


X 
X 
H 
L 
LatchedO 


-Retains data present before E positive transition 


H ~ 
HIGH Voltage Level 


L ~ LOW Voltage Level 


X = Don't Care 


Outputs 


Qn 


L 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 


If Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
under Bias (Tcl 
O°Cto 
+ 85°C 


please 
contact 
the 
National 
Semiconductor 
Sales 
VEE Pin Potential 
to Ground 
Pin 
-7.0Vto 
+0.5V 
Office/Distributors 
for availability 
and specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 
Storage 
Temperature 
- 65°C to + 150°C 
Output Current 
(DC Output 
HIGH) 
-50mA 
Maximum 
Junction 
Temperature 
(TJ) 
+150°C 
Operating 
Range (Note 2) 
-5.7Vto 
-4.2V 


DC Electrical Characteristics 
VEe = 
-4.5V, 
VCC = 
VCCA = 
GND, Tc 
= 
O°C to + 85°C (Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN =VIH 
(Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
orVIL 
(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
Jl-A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = 
VCCA = 
GND, Tc 
= 
O°C to +85°C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
OrVIL(Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
Jl-A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
Vcc 
= 
VCCA = 
GND, Tc 
= 
O°C to +85°C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Mln) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
Jl-A 
VIN = VIL (Min) 


Note 
1: Absolute 
maximum 
ratings are those values beyond 
which the device 
may be damaged 
or have its useful life impaired. 
Functional 
operation 
under these 
conditions 
is not implied. 


Note 2: Parametric values specified at -4.2V 
to -4.8V. 


Note 3: The speciliedlimitsrepresentthe "worst case" valuelor the parameter.Sincethese "worst case" valuesnormallyoccur at the temperatureextremes. 
additional 
noise immunity and guard banding 
can be achieved 
by decreasing 
the allowable 
system 
operating 
ranges. 


Note 
4: Conditions 
for testing shown in the tables 
are chosen 
to guarantee 
operation 
under "worst case" 
conditions. 
• 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V 
unless 
otherwise 
specified, 
Vee = VeeA = GNO, Te = O·C to +85·C 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


IIH 
Input HIGH Current 
MR 
450 
p.A 
VIN = VIH (Max) 
On 
340 
lOa, lOb 
520 


lEE 
Power Supply Current 
-159 
-113 
-79 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GNO 


Symbol 
Parameter 
TC = O"C 
TC = +2S·C 
Tc = +8S·C 
Units 
Conditions 
Min 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 


tpHL 
On to Output 
0.45 
1.50 
0.50 
1.40 
0.50 
1.50 
ns 
(Transparent 
Mode) 
Figures 
1 and 2 


tpLH 
Propagation 
Delay 
0.75 
2.05 
0.75 
1.85 
0.75 
2.05 
ns 
tpHL 
lOa, lOb to Output 


tpLH 
Propagation 
Delay 
0.80 
2.40 
0.90 
2.40 
0.90 
2.60 
ns 
Figures 
1 and 3 
tPHL 
MRtoOutput 


tTLH 
Transition 
Time 
0.45 
1.70 
0.45 
1.60 
0.45 
1.60 
ns 
Figures 
1 and 2 
tTHL 
20% to 80%, 80% to 20% 


ts 
Setup Time 
Do-Os 
0.70 
0.70 
0.70 
Figures 3and 4 


MR (Release 
Time) 
2.10 
2.10 
2.10 
ns 


th 
Hold Time, Do-Os 
0.70 
0.70 
0.70 
ns 
Figure 4 


tpw(L) 
Pulse Width LOW 
2.00 
2.00 
2.00 
ns 
Figure 2 
lOa, lOb 


tpw(H) 
Pulse Width HIGH, MR 
2.00 
2.00 
2.00 
ns 
Figure 3 


Cerpak AC Electrical Characteristics 


VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GNO 


Symbol 
Parameter 
Tc = O·C 
Tc = +2S·C 
Tc = +8S·C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 


tpHL 
On to Output 
0.45 
1.30 
0.50 
1.20 
0.50 
1.30 
ns 
(Transparent 
Mode) 
Figures 
1 and 2 


tpLH 
~roe.agation 
Delay 
0.75 
1.85 
0.75 
1.65 
0.75 
1.85 
ns 
tpHL 
Ea, Eb to Output 


tpLH 
Propagation 
Delay 
0.80 
2.20 
0.90 
2.20 
0.90 
2.40 
ns 
Figures 
1 and 3 
tpHL 
MR to Output 


tTLH 
Transition 
Time 
0.45 
1.60 
0.45 
1.50 
0.45 
1.50 
Figures 
1 and 2 
tTHL 
20% to 80%, 80% to 20% 
ns 


ts 
Setup Time 
Do-Os 
0.60 
0.60 
0.60 
Figures 3and 4 


MR (Release 
Time) 
2.00 
2.00 
2.00 
ns 


th 
Hold Time, Do-Os 
0.60 
0.60 
0.60 
ns 
Figure 4 


tpw(L) 
Pulse Width LOW 
2.00 
2.00 
2.00 
Figure 2 
lOa, lOb 
ns 


tpw(H) 
Pulse Width HIGH, MR 
2.00 
2.00 
2.00 
ns 
Figure 3 


Not •• : 


VCC' VCCA ~ +2V, VEE = - 2.5V 
L1 and L2 = equal length 50n impedance 
lines 


RT = son terminator 
internal to scope 
Decoupling 
0.1 I'F from GND to Vcc 
and VEE 
All unused outputs are loaded with son to GND 
CL ~ Fixture end stray capacitance 
" 
3 pF 
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Notes: 


ts is the minimum time before the transition of the enable that information 
must be present at the dala input. 


th is the minimum time after the transition of the enable that information 
must remain unchanged 
at the data input. 


FIGURE 
4. Data Setup 
and Hold Time 


~ 
National 
~ 
Semiconductor 


F100151 
Hex 0 Flip-Flop 


General Description 


The 
F100151 
contains 
six D-type 
edge-triggered, 
master/ 


slave flip-flops 
with true and complement 
outputs, 
a pair of 


common 
Clock 
inputs 
(CPa and CPb) and common 
Master 


Reset (MR) input. Data enters 
a master 
when both CPa and 


CPb are LOW and transfers 
to the slave when CPa and CPb 


(or both) 
go HIGH. The MR input overrides 
all other 
inputs 


and makes 
the a outputs 
LOW. All inputs 
have 50 kfl 
pull· 


down 
resistors. 


Refer to the F100351 
datasheet 
for: 
PCC packaging 
Lower power 
Military versions 
Ex1ended voltage 
specs 
(-4.2V 
to -5.7V) 


Pin Names 
Description 


Do-Os 
Data Inputs 


CPa. CPb 
Common 
Clock Inputs 


MR 
Asynchronous 
Master 
Reset Input 


oo-os 
Data Outputs 


oo-os 
Complementary 
Data Outputs 


TL/F/9B59-3 


Connection 
Diagrams 


24·Pin 
DIP 
24·Pln 
Quad Cerpak 


Os 


CPb CP. t.tR VEE03 O2 
1 
24 


04 
2 
23 


°4 
3 
22 
04 
1 
0, 


03 
4 
21 
Os 
2 
DO 


°3 
5 
20 
°5 
3 
00 


Vee 
6 
19 
05 
4 
00 


VeeA 
7 
18 
04 
5 
0, 


02 
8 
17 
°4 
6 
0, 


°2 
9 
16 


0, 
10 
15 
03 03 VeeVeGA02 02 
0, 
11 
14 
TLIF/9B59-2 


00 
12 
13 
Top View 


TLIF/9859-1 


Inputs 
Outputs 


On 
CPa 
CPb 
MR 
Qn(t+ 
1) 


L 
.../ 
L 
L 
L 


H 
.../ 
L 
L 
H 


L 
L 
.../ 
L 
L 


H 
L 
.../ 
L 
H 


X 
H 
.../ 
L 
Qn(t) 


X 
.../ 
H 
L 
Qn(t) 


X 
L 
L 
L 
Qn(!) 


Outputs 


Qn(t+1) 


L 


H - 
HIGH Voltage Level 


L - 
LOW Voltage Level 


X - 
Don't Care 


t = Time before CP positive transition 


t+ 1 = Time after CP positive transition 


.../ 
- 
LOW-te-HiGH 
transition 


tI·~C10~ 
"'V •• II.C1 
•••11. 
II.II~ 
''IClII.IVIIClI 
""~IIII"'''''IWII.I'''II.V' 
""C1'~O 
VEE t-'In t-'otenllal to l:irouna 
t-'In 
- r.uv 
to + U.t>V 
Office/Distributors 
for availability 
and specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 
Storage 
Temperature 
- 65'C to + 150'C 
Output Current 
(DC Output 
HIGH) 
-50mA 
Maximum 
Junction 
Temperature 
(TJ) 
+ 150'C 
Operating 
Range (Note 2) 
-5.7Vto 
-4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = VCCA = GND, Tc = O'C to + 85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
OrVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
orVIL(Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
p.A 
VIN = VIL (Min) 
- 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orViL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
or ViL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
p.A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
p.A 
VIN = VIL (Min) 


Note 
1: Absolute 
maximum 
ratings are those values beyond which the device 
may be damaged 
or have its useful life impaired. 
Functional 
operation 
under these 
conditions 
is not implied. 


Note 
2: Parametric 
values specified 
at -4.2V 
to -4.8V. 


Kote 3; The spe<:iliedlimitsrepresentthe "worst case" ~aluetor the parameter.Sincethese "worst case" ~a\uesnormallyoccur al Ihe temperatureextremes, 
additional 
noise immunity and guard banding can be achieved 
by decreasing 
the allowable 
system operating 
ranges. 


Note 
4: Conditions 
for testing shown in the tables are chosen to guarantee 
operation 
under "worst case" 
conditions. 


&I 


MR 
450 
p.A 
VIN = VIH (Max) 


Do-DS 
225 


CPa, CPb 
520 


lEE 
Power Supply Current 
-210 
-155 
-98 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +2S'C 
Tc = +8S'C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


fmax 
Toggle 
Frequency 
375 
375 
375 
MHz 
Figures 2 and 3 


tpLH 
Propagation 
Delay 
0.80 
2.20 
0.80 
2.20 
0.90 
2.40 
ns 
Figures 
1 and 3 
tpHL 
CPa, CPb to Output 


tPLH 
Propagation 
Delay 
1.20 
2.90 
1.30 
3.00 
1.20 
3.10 
ns 
Figures 
1 and 4 


tpHL 
MR to Output 


tTLH 
Transition 
Time 
0.45 
1.80 
0.45 
1.70 
0.45 
1.80 
Figures 
1 and 3 
ns 
tTHL 
20% to 80%, 80% to 20% 


ts 
Setup Time 
Figure 5 


Do-Ds 
0.70 
0.70 
0.70 


MR (Release 
Time) 
2.30 
2.30 
2.60 
ns 


Figure 4 


th 
Hold Time 
0.70 
0.70 
0.70 
Figure 5 


Do-Ds 


ns 


tpw(H) 


Pulse Width 
HIGH 
2.00 
2.00 
2.00 
Figures 
3 and 4 


CPa, CPb, MR 
ns 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +2S'C 
Tc = +8S'C 
Units 
Conditions 


Min 
Max 
Mln 
Max 
Mln 
Max 


fmax 
Toggle 
Frequency 
375 
375 
375 
MHz 
Figures 2 and 3 


tpLH 
Propagation 
Delay 
0.80 
2.00 
0.80 
2.00 
0.90 
2.20 
ns 
Figures 
1 and 3 
tpHL 
CPa, CPb to Output 


tpLH 
Propagation 
Delay 
1.20 
2.70 
1.30 
2.80 
1.20 
2.90 
ns 
Figures 
1 and 4 


tpHL 
MR to Output 


tTLH 
Transition 
Time 
0.45 
1.70 
0.45 
1.60 
0.45 
1.70 
Figures 
1 and 3 
tTHL 
20% to 80%, 80% to 20% 
ns 


ts 
Setup Time 
Figure 5 


Do-Ds 
0.60 
0.60 
0.60 
MR (Release 
Time) 
2.20 
2.20 
2.50 
ns 


Figure 4 


th 
Hold Time 
0.60 
0.60 
0.60 
Figure 5 
Do-Ds 
ns 


tpw(H) 
Pulse Width HIGH 
2.00 
2.00 
2.00 
Figures 
3 and 4 
CPa, CPb, MR 
ns 


Vcc 


MR 
a 


I~\ 
CP 


\ 
I 
0 
1 


50 n 


VE. 


-=- 


Vee 


-=- 


CIRCUIT 
l2 
CP 
a 1-' 
UNDER 
\ 
I 
TEST I 


RT 


v•• 
-=- 


Notes: 


Vee, VeCA ~ 
+2V, 
VEE ~ 
-2.5V 


L1 and L2 = equal length 50n impedance 
lines 


AT = 50n 
terminator 
internal 
to scope 


Decoupling 
0.1 I'F from GND to Vcc and VEE 


All unused outputs are loaded with 500 
to GND 


CL = Fixture and stray capacitance 
s; 3 pF 


Nolea: 


VCC, VCCA ~ 
+ 2V, VEE ~ 
- 2.5V 


L1 and L2 ~ equal length 50n impedance 
lines 


RT = 500 
terminator 
internal to scope 


Decoupling 
0.1 I'F from GND to VCC and VEE 


All unused outputs are loaded with 500 
to GND 


Cl = Jig and stray capacitance s: 3 pF 


__I 


• 


_ 


_____ 
-__ 
IPyLH --- 
-- 
IpHL 1- 
......----~80% 


50% 


20%------ 


f 
\--5O%-+1.05V 


-----. 
I 
...----+0.31 
V 
-lIs :=-Ih-I 
11'50-%----------+1.05 
V 


------. 
+0.31V 


Notes: 


Is is the minimum time before the transition 
of the clock that information 
must be present at the data input. 


th is the minimum time after the transition 01 the clock that information 
must remain unchanged 
at the data input. 


FIGURE 
5. Setup 
and Hold Time 


~National 
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F100155 
Quad Multiplexer ILatch 


General Description 
The F100155 contains four transparent latches. each of 
which can accept and store data from two sources. When 
both Enable (En) inputs are LOW, the data that appears at 
an output is controlled by the Select (Sn)inputs. as shown in 
the Operating Mode table. In addition to routing data from 
either Do or D1. the Select inputs can force the outputs 
LOW for the case where the latch is transparent (both En- 
ables are LOW) and can steer a HIGH signal from either Do 
or D1 to an output. The Select inputs can be tied together 
for applications requiring only that data be steered from ei- 


ther Do or D1.A positive-going signal on either Enable input 
latches the outputs. A HIGH signal on the Master Reset 
(MR) input overrides all the other inputs and forces the a 
outputs LOW. All inputs have 50 kO pulldown resistors. 
Refer to the F100355 datasheet for: 


PCC packaging 
Lower power 
Military versions 
Extended voltage specs (-4.2V 
to -5.7V) 


Pin Names 
Description 


E1.E2 
Enable Inputs (Active LOW) 


SO.S1 
Select Inputs 
MR 
Master Reset 


Dna-Dnd 
Data Inputs 
Oa-Od 
Data Outputs 
Oa-Od 
Complementary Data Outputs 


TUF/9860-3 


Connection 
Diagrams 


24-Pln DIP 
24-Pln Quad Cerpak 


[2 
[, 
t.lR VEE 
51 
So 


Old 
1 
ODd 


Qd 
2 
Ole 


ad 
3 
DOc 
DOc 
Dlb 


ae 
4 
[2 
Ole 
2 
DOb 


Qe 
5 
[1 
DOd 
3 
01• 


Vcc 
6 
t.lR 
Old 
4 
DO. 


VCCA 
7 
VEE 
Qd 
5 
a. 


ab 
8 
5, 
ad 
6 
Q. 


Qb 
9 
SO 


Q. 
10 
D1b 
ae 
Qe Vcc VCCA ab 
Qb 


a. 
11 
DOb 
TL/F/9860-2 


000 
12 
01• 


TLIF/9860-1 


Controls 
Outputs 


E1 
E2 
Sl 
So 
Qn 


H 
X 
X 
X 
Latched' 


X 
H 
X 
X 
Latched' 


L 
L 
L 
L 
Dox 
L 
L 
H 
L 
Dox + Djx 


L 
L 
L 
H 
L 


L 
L 
H 
H 
D1x 


·Stores data present before E went HIGH 
H = HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = Don't Care 


Inputs 
Outputs 


MR 
E1 
E2 
Sl 
So 
D1x 
DOx 
Qx 
Qx 


H 
X 
X 
X 
X 
X 
X 
H 
L 


L 
L 
L 
H 
H 
H 
X 
L 
H 


L 
L 
L 
H 
H 
L 
X 
H 
L 


L 
L 
L 
L 
L 
X 
H 
L 
H 


L 
L 
L 
L 
L 
X 
L 
H 
L 


L 
L 
L 
L 
H 
X 
X 
H 
L 


L 
L 
L 
H 
L 
H 
X 
L 
H 


L 
L 
L 
H 
L 
X 
H 
L 
H 


L 
L 
L 
H 
L 
L 
L 
H 
L 


L 
H 
X 
X 
X 
X 
X 
Latched' 


L 
X 
H 
X 
X 
X 
X 
Latched' 


II 
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.,..,G"'UIGU 
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I C"IUII 
CU, 
vc1~tl 
I tlllltJtll 
C1lUI tl UIIUtll 
OIC1~ \ I CJ 
v v 
\U TOO-v 


please 
contact 
the 
National 
Semiconductor 
Sales 
VEE Pin Potential 
to Ground 
Pin 
-7.0Vto 
+0.5V 
Office/Distributors 
for 
availability 
and 
specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 


Storage 
Temperature 
- 65·C to + 150·C 
Output Current 
(DC Output 
HIGH) 
-50mA 
Maximum 
Junction 
Temperature 
(TJ) 
+ 150·C 
Operating 
Range (Note 2) 
-5.0Vto 
-4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = 
VCCA = 
GND, Tc 
= 
O·C to + 85·C (Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN =VIH 
(Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
orVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH(Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
".A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = 
VCCA = 
GND, Tc 
= 
O·C to +85·C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
UnIts 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
or VIL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
".A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = 
VCCA = 
GND, Tc 
= 
O·C to + 85·C (Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
".A 
VIN = VIL (Min) 


Note 
1: Absolute 
maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional 
operation 
under these 
conditions 
is not implied. 


Note 2: Parametric values specified 
at -4.2V 
to -4.8V. 


Note 
3: The speci1ied limits represent 
the "worst 
case" value for the parameter. 
Since these "worst 
case" values normally occur at the temperature 
extremes, 


additional 
noise immunity and guard banding can be achieved by decreasing 
the allowable system operating 
ranges. 


Note 4: Conditions 
for testing shown in the tables are chosen to guarantee 
operation 
under "worst case" 
conditions. 


Ell 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V 
unless 
otherwise 
specified, 
Vee = VeeA = GND, Te = O·C to +85·C 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


IIH 
Input HIGH Current 


80,51 
220 


E1,E2 
350 
IJ-A 
VIN = VIH (Max) 


Dna-Dnd 
340 


MR 
430 


lEE 
Power 5upply 
Current 
-133 
-95 
-66 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Electrical Characteristic 


VEE = 
-4.2V 
to -4.8V, 
Vce = VeCA = GND 


Symbol 
Parameter 
Tc = O"C 
Tc = +2S·C 
Tc = +8S·C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 


tpHL 
Dna-Dnd 
to Output 
0.50 
1.90 
0.60 
1.85 
0.50 
1.90 
ns 


(Transparent 
Mode) 


tpLH 
Propagation 
Delay 
Figures 
1 and 2 
tpHL 
So 51 to Output 
1.50 
3.50 
1.50 
3.40 
1.50 
3.50 
ns 


(Transparent 
Mode) 


tpLH 
Propagation 
Delay 
0.90 
2.50 
1.00 
2.40 
1.00 
2.50 
ns 


tpHL 
E;;(:2 
to Output 


tpLH 
Propagation 
Delay 
0.90 
3.00 
0.90 
2.90 
0.90 
3.00 
ns 
Figures 
1 and 3 
IPHL 
MRtoOutput 


tTLH 
Transition 
Time 
0.60 
2.30 
0.60 
2.20 
0.45 
2.30 
Figures 
1 and 2 
tTHL 
20% to 80%, 80% to 20% 
ns 


ts 
5etupTime 


Dna-Dnd 
0.90 
0.90 
0.90 
Figure 4 


So, 51 
2.40 
2.40 
2.70 
ns 


MR (Release 
Time) 
1.50 
1.50 
1.50 
Figure 3 


tH 
Hold Time 


Dna-Dnd 
0.40 
0.40 
0.40 
ns 
Figure 4 


80,51 
-0.70 
-0.70 
-0.70 


tpw(L) 
Pulse Width LOW E1' E2 
2.00 
2.00 
2.00 
ns 
Figure 2 


tpw(H) 
Pulse Width HIGH MR 
2.00 
2.00 
2.00 
ns 
Figure 3 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O·C 
Tc = +2S·C 
Tc = +8S·C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 


tpHL 
Dna-Dnd 
to Output 
0.50 
1.70 
0.60 
1.65 
0.50 
1.70 
ns 
(Transparent 
Mode) 


tpLH 
Propagation 
Delay 
Figures 
1 and 2 
tpHL 
81, 51 to Output 
1.50 
3.30 
1.50 
3.20 
1.50 
3.30 
ns 


(Transparent 
Mode) 


tpLH 
Propagation 
Delay 
0.90 
2.30 
1.00 
2.20 
1.00 
2.30 
ns 


tpHL 
E1' E2 to Output 


Cerpak AC Electrical Characteristics 
VEE= -4.2V 
to -4.8V, Vee = VeeA = GND (Continued) 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.90 
2.80 
0.90 
2.70 
0.90 
2.80 
ns 
Figures 
1 and 3 
tpHL 
MRtoOutput 


tTLH 
Transition 
Time 
0.60 
2.20 
0.60 
2.10 
0.45 
2.20 
Figures 
1 and 2 
ns 


tTHL 
20% to 80%, 80% to 20% 


ts 
Setup Time 


Dna-Dnd 
0.80 
0.80 
0.80 
Figure 4 


So,Sl 
2.30 
2.60 
ns 
2.30 


MR (Release 
Time) 
1.40 
1.40 
1.40 
Figure 3 


tH 
Hold Time 


Dna-Dnd 
0.30 
0.30 
0.30 
ns 
Figure 4 


So,Sl 
-0.80 
-0.80 
-0.80 


tpw(L) 
Pulse Width 
LOW El' 
E2 
2.00 
2.00 
2.00 
ns 
Figure 2 


tpw(H) 
Pulse Width 
HIGH MR 
2.00 
2.00 
2.00 
ns 
Figure 3 


VEE 
l°' 


l 


/F 


Ll 
I I I 
I I 
I...• 
I 
SCOPE I 
1 
I 
CHAN A 
24 
23 
22 
21 
20 
19 
-1 
18 - 
RT 
- 
2 
17 - 


- 
3 
16 
- 
,... 
':' 
- 
4 
15 
I , 
I 
PULSE II 
SOl! 
SOl! 
\ 
I 
IGENERATOR 
5 
14 
l. 


SOll. 
' 
6 
1311 
7 
8 
9 
10 
11 12 
L2 
SOl! 


I I w 
r, 
I 
SCOPE I 
SOll 
SOll 
'.1 
Tl~ 
CHAN B 
SOll 
1 
RT 


'!O.l.F 
':' 
':' 


~CL 


':' 


Vcc 


TL/F/9860-6 


FIGURE 1. AC Test 
Circuit 


Notes: 
Vcc, VCCA- 
+2V, VEE~ -2.5V 


L1 and l2 
= equat length 500 impedance 
lines 
AT = 50n terminator 
internal to scope 
Decoupling0.' ",Ffrom GNDto Vcc and VEE 
All unused outputs are loaded with 50n to GND 
CL = Fixture and stray capacitance 
~ 3 pF 


Pin numbers shown are for flatpak; for DIP see logic symbol 
• 


,r-----------i 
, 
\ 


\\ 
, 
"'- ------------------" 


RESET TIMING 
,." 
JX--------------- 


____.----------+ 
1.0S V 


SO'Sl--.tJI1t 
so 
% 
-+0.31 
V 
t.--r- 
lh-+J 
------ 
------+ 
1.0S V 


DATA 
\SO% 


____ 
J 
•• 
+0.31 
V 
~1·Elh-1 
T\-So-%----+I.OSV 


------. 
~.----- 
+0.31 
V 


TL/F/9860-9 
FIGURE 
4. Data Setup 
and Hold Times 


Nol •• : 


ts is the minimum time before the transition 
of the enable that information 
must be present at the data input. ' 


th is the minimum time after the transition of the enable that information 
must 
remain unchanged 
at the data input. 


~National 
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F100156 
Mask-Merge/ Latch 


General Description 


The F1 00156 
merges 
two 4-bit words 
to form a 4-bit output 
word. The AMn enable 
allows the merge of A into 8 by one. 


two or three 
places 
(per the ASn value) 
from the left. The 


8Mn enable 
similarly 
allows 
the merge 
of 8 into A from the 


left (per the 8Sn value). The 8 merge overrides 
the A merge 


when 
both 
are enabled. 
This 
means 
A first 
merges 
into 8 


and 
8 then 
merges 
into the A merge. 
If the 
8 address 
is 


Note: 


When E is HIGH, an outputs do not change. 
When E is LOW, On = A or B depending 
on which is selected. 


Atoll 
1 
24 
Btol1 


A3 
2 
23 
AtolO 


B3 
3 
22 
BtolO 


°3 
4 
21 
AS, 


°2 
5 
20 
BSt 


VCC 
6 
19 
ASO 


VCCA 
7 
18 
VEE 


°1 
8 
17 
E 


°0 
9 
16 
BSO 


BO 
10 
15 
A2 


Ao 
11 
14 
B2 


B1 
12 
13 
A1 


TL/F/9861-1 


equal 
to or greater 
than 
the 
A address. 
then 
outputs 
are 


forced 
to 8. 


The merge outputs 
feed four latches, 
which 
have a common 


enable 
(E) input. All inputs 
have a 50 kll (typical) 
pull-down 


resistor 
tied to VEE. 


Pin Names 
Description 


E 
Latch Enable 
Input (Active 
LOW) 


Ao-A3 
A Data Inputs 


80-83 
8 Data Inputs 


AMo.AM1 
A Merge Enable 
Inputs 


8Mo.8M1 
8 Merge Enable 
Inputs 


ASo. AS1 
A Address 
Inputs 


8S0.8S1 
8 Address 
Inputs 


00-03 
Data Outputs 


24-Pin 
Quad Cerpak 


ASt BSt ASo VEE 
E 
BSo 


BtolO 
1 


Atolo 
2 


Btolt 
3 


Atol, 
4 


A3 
5 


B3 
6 
• 


CD 
lot)~ 
Logic Diagram 
00~ 


E 


Ao 


BS. 
Qo 


ASo 
LATCH 


Bo 


A, 


BS, 
Q, 


LATCH 


AS, 


B, 


A, 


Q, 


BM. 


B, 


A. 


AM. 
Q. 


BM, 
AM, 


B. 


TL/F/986'-S 


Truth Table 


Inputs 
Outputs 
Merge 
Enables 
Addresses 
Remarks 


BM1 
BMo 
AM1 
AMo 
BS1 
BSo 
AS1 
ASo 
E 
Qo 
Q1 
Q2 
Qa 


X 
X 
H 
X 
X 
X 
X 
X 
L 
80 
81 
82 
83 
Select 
8 
H 
X 
X 
X 
X 
X 
X 
X 
L 
80 
81 
82 
83 


L 
L 
L 
L 
X 
X 
X 
X 
L 
Ao 
A1 
A2 
A3 
Select A 


L 
L 
L 
H 
X 
X 
L 
L 
L 
80 
81 
82 
83 


L 
L 
L 
H 
X 
X 
L 
H 
L 
Ao 
81 
82 
83 
Merge A -. 
8 
L 
L 
L 
H 
X 
X 
H 
L 
L 
Ao 
A1 
82 
83 


L 
L 
L 
H 
X 
X 
H 
H 
L 
Ao 
A1 
A2 
83 


L 
H 
L 
L 
L 
L 
X 
X 
L 
Ao 
A1 
A2 
A3 


L 
H 
L 
L 
L 
H 
X 
X 
L 
80 
A1 
A2 
A3 
Merge 8 
-. 
A 
L 
H 
L 
L 
H 
L 
X 
X 
L 
80 
81 
A2 
A3 


L 
H 
L 
L 
H 
H 
X 
X 
L 
80 
81 
82 
A3 


L 
H 
L 
H 
L 
L 
L 
H 
L 
Ao 
81 
82 
83 


L 
H 
L 
H 
L 
L 
H 
L 
L 
Ao 
A1 
82 
83 
MergeA 
-. 
8 


L 
H 
L 
H 
L 
L 
H 
H 
L 
Ao 
A1 
A2 
83 


L 
H 
L 
H 
L 
H 
H 
L 
L 
80 
A1 
82 
83 
MergeA 
-. 
8 


L 
H 
L 
H 
L 
H 
H 
H 
L 
80 
A1 
A2 
83 
then 


L 
H 
L 
H 
H 
L 
H 
H 
L 
80 
81 
A2 
83 
Merge 8 
-. 
A 


L 
H 
L 
H 
H 
H 
H 
H 
L 
80 
81 
82 
83 


L 
H 
L 
H 
H 
H 
H 
L 
L 
80 
81 
82 
83 


L 
H 
L 
H 
H 
H 
L 
H 
L 
80 
81 
82 
83 


L 
H 
L 
H 
H 
H 
L 
L 
L 
80 
81 
82 
83 


L 
H 
L 
H 
H 
L 
H 
L 
L 
80 
81 
82 
83 
8 Address 
~ A Address 
L 
H 
L 
H 
H 
L 
L 
H 
L 
80 
81 
82 
83 


L 
H 
L 
H 
H 
L 
L 
L 
L 
80 
81 
82 
83 


L 
H 
L 
H 
L 
H 
L 
H 
L 
80 
81 
82 
83 


L 
H 
L 
H 
L 
H 
L 
L 
L 
80 
81 
82 
83 


L 
H 
L 
H 
L 
L 
L 
L 
L 
80 
81 
82 
83 


X 
X 
X 
X 
X 
X 
X 
X 
H 
00 
01 
02 
03 
Latch 


8efore 
At 
After 
At 


Start 
Start 
End 
End 


H ~ HIGH Voltage Level 
L = LOW Voltage Level 


X = Don't Care 
• 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
under Bias (Tcl 
O·Cto 
+85·C 


please 
contact 
the 
National 
Semiconductor 
Sales 
VEE Pin Potential 
to Ground 
Pin 
-7.0Vto 
+0.5V 
Office/Distributors 
for availability 
and specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 
Storage 
Temperature 
- 65·C to + 150·C 
Output Current 
(DC Output 
HIGH) 
-50mA 
Maximum 
Junction 
Temperature 
(TJ) 
+ 150·C 
Operating 
Range (Note 2) 
-5.7Vto 
-4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = VCCA = GND, Tc = O·C to +85·C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
or VIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
orVIL(Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 


for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 


for All Inputs 


IlL 
Input LOW Current 
0.50 
!-LA 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = VCCA = GND, Tc = O·C to +85·C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
or VIL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 


for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
!-LA 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = VCCA = GND, Tc = O·C to +85·C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 


for All Inputs 


IlL 
Input LOW Current 
0.50 
!-LA 
VIN = VIL (Min) 


Note 
1: Absolute 
maximum 
ratings are those values beyond which the device may be damaged 
or have its useful life impaired. 
Functional 
operation 
under these 


conditions 
is not implied. 


Note 2: Parametric values specified at -4.2V 
to -4.8V. 


Note 
3: The specified 
limits represent 
the "worst 
case" 
value for the parameter. 
Since these 
"worst 
case" 
values normally 
occur at the temperature 
extremes. 
additional 
noise immunity and guard banding can be achieved 
by decreasing 
the allowable 
system operating 
ranges. 


Note 
4: Conditions 
for testing shown in the tables are chosen to guarantee 
operation 
under "worst case" 
conditions. 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V 
unless 
otherwise 
specified, 
Vee = VeeA = GND. Te = O°C to +85°C 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


IIH 
Input HIGH Current 
265 
IJ-A 
VIN = VIH (Max) 
An, Bn• BMn, AMn, BSn• ASn• E 


lEE 
Power Supply Current 
-235 
-161 
-107 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -4.8V. 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O°C 
Tc = +25°C 
Tc = +85°C 
Units 
Conditions 
Min 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 


tpHL 
An. Bn to Outputs 
0.45 
1.90 
0.50 
1.80 
0.50 
2.00 
ns 


(Transparent 
Mode) 


tpLH 
Propagation 
Delay 
1.00 
2.50 
1.00 
2.40 
1.00 
2.50 
ns 


tpHL 
EtoOutputs 
Figures 
1 and 2 


tpLH 
Propagation 
Delay 


tpHL 
AMn• BMn• ASn• BSn to 
1.20 
3.70 
1.20 
3.70 
1.20 
3.80 
ns 


Outputs 
(Transparent 
Mode) 


tTLH 
Transition 
Time 
0.45 
1.90 
0.45 
1.80 
0.45 
1.90 


tTHL 
20% to 80%. 80% to 20% 
ns 


ts 
Setup Time 


An. Bn 
0.80 
0.80 
0.80 
ns 


AMn• BMn• ASn• BSn 
2.90 
2.90 
2.90 
Figure 3 


tH 
Hold Time 


An, Bn 
2.10 
2.10 
2.10 
ns 


AMn, BMn, ASn, BSn 
0.80 
0.80 
0.80 


tpw(L) 
Pulse Width 
LOW E 
2.00 
2.00 
2.00 
ns 
Figure 2 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O°C 
Tc = +25°C 
Tc = +85°C 
Units 
Conditions 
Min 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 


tPHL 
An. Bn to Outputs 
0.45 
1.70 
0.50 
1.60 
0.50 
1.80 
ns 


(Transparent 
Mode) 


tpLH 
Propagation 
Delay 
1.00 
2.30 
1.00 
2.20 
1.00 
2.30 
tpHL 
E to Outputs 
ns 


Figures 
1 and 2 
tpLH 
Propagation 
Delay 


tpHL 
AMn, BMn, ASn, BSn to 
1.20 
3.50 
1.20 
3.50 
1.20 
3.60 
ns 


Outputs 
(Transparent 
Mode) 


tTLH 
Transition 
Time 
0.45 


tTHL 
20% to 80%. 80% to 20% 
1.80 
0.45 
1.70 
0.45 
1.80 
ns 


ts 
Setup Time 


An, Bn 
0.70 
0.70 
0.70 
ns 


AMn, BMn, ASn, BSn 
2.80 
2.80 
2.80 
Figure 3 
tH 
Hold Time 


An. Bn 
2.00 
2.00 
2.00 
ns 


AMn• BMn• ASn• BSn 
0.70 
0.70 
0.70 


tpw(L) 
Pulse Width 
LOW E 
2.00 
2.00 
2.00 
ns 
Figure 2 


Notes: 
Vcc, VCCA ~ 
+2V, 
VEE = -2.5V 
L1 and L2 = equal length 50n impedance 
lines 
AT = 50n 
terminator 
internal to scope 
Decoupling 
0.1 /'oF from GND to Vcc and VEE 


All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance 
:s:3 pF 


Pin numbers shown are for flatpak; for DIP see logic symbol 


2 
17 
r- 


3 
16 


4 
IS 
r 
5 
14 


6 
LI" 


Ii: 


,'-----------1 
I 
\ 


80% 


SO% 
~~---_. 


An. Bn, AMn• 
X 
X 
B_M"_, AS_n. B_Mn_ ~-l.t=_th~== 


ENABLE 
1 
-- 


Notes: 


ts is the minimum time before the transition of the enable that information 
must be present at the designated 
input. 


th is the minimum time after the transition 
of the enable that information 
must remain unchanged 
at the designated 
input. 


FIGURE 
3. Data Setup 
and Hold Times 


F100158 
8-Bit Shift Matrix 


General Description 


The 
F1 00158 
contains 
a combinatorial 
network 
which 
per- 


forms the function 
of an 8-bit shift matrix. Three control 
lines 


(Sn) are internally 
decoded 
and define the number 
of places 


which 
an 8-bit word 
present 
at the inputs 
(On) is shifted 
to 


the left and presented 
at the outputs 
(Zn). A Mode Control 


input 
(M) is provided 
which, 
if LOW, 
forces 
LOW 
all out- 


puts to the right of the one that contains 
07. This operation 


is sometimes 
referred 
to as LOW backfill. 
If M is HIGH, an 
end-around 
shift is performed 
such that 
Do appears 
at the 


output 
to the right of the one that contains 
07. This opera- 


tion 
is commonly 
referred 
to as barrel 
shifting. 
All 
inputs 


have 50 kO pull-down 
resistors. 


Ordering Code: 
See Section 
8 


Logic Symbol 


Pin Names 
Description 


00-07 
Data Inputs 


So-52 
Select 
Inputs 


M 
Mode Control 
Input 


ZO-Z7 
Data Outputs 


TLlF/9862-3 


Connection 
Diagrams 


24-Pin DIP 
24-Pin Quad Cerpak 


D. 
52 
to( 
VEE 51 50 


Z7 
1 
24 
D-r 


Z6 
2 
23 
06 
24 
23 
22 
21 20 
19 


Zs 
3 
22 
05 
05 
1 
'8 
03 


Z. 
4 
21 
D. 
06 
2 
17 
O2 


VCCA 
5 
20 
52 
D-r 
3 
16 
0, 


Vcc 
6 
19 
to( 
Z7 
4 
15 
DO 


VCCA 
7 
18 
VEE 
Z6 
5 
I. 
Zo 


Z3 
8 
17 
51 
Zs 
6 
13 
ZI • 


Z2 
9 
16 
50 


12 


Z, 
10 
15 
03 
Z. VQCAVcc VQCAZ3 
Z2 


Zo 
11 
14 
O2 
TL/F/9862-2 


DO 
12 
13 
01 


TL/F/9662-1 


Inputs 
Outputs 


M 
So 
S1 
S2 
Zo 
Z1 
Z2 
Z3 
Z4 
Zs 
Zs 
Z7 


X 
L 
L 
L 
Do 
D1 
D2 
D3 
D4 
Ds 
Ds 
D7 
L 
H 
L 
L 
D1 
D2 
D3 
D4 
Ds 
Ds 
D7 
L 


L 
L 
H 
L 
D2 
D3 
D4 
Ds 
Ds 
D7 
L 
L 


L 
H 
H 
L 
D3 
D4 
Ds 
Ds 
D7 
L 
L 
L 


L 
L 
L 
H 
D4 
Ds 
Ds 
D7 
L 
L 
L 
L 


L 
H 
L 
H 
Ds 
Ds 
D7 
L 
L 
L 
L 
L 


L 
L 
H 
H 
Ds 
D7 
L 
L 
L 
L 
L 
L 


L 
H 
H 
H 
D7 
L 
L 
L 
L 
L 
L 
L 


H 
H 
L 
L 
D1 
D2 
D3 
D4 
Ds 
Ds 
D7 
Do 
H 
L 
H 
L 
D2 
D3 
D4 
Ds 
Ds 
D7 
Do 
D1 
H 
H 
H 
L 
D3 
D4 
Ds 
Ds 
D7 
Do 
D1 
D2 
H 
L 
L 
H 
D4 
Ds 
Ds 
D7 
Do 
D1 
D2 
D3 
H 
H 
L 
H 
Ds 
Ds 
D7 
Do 
D1 
D2 
D3 
D4 
H 
L 
H 
H 
Ds 
D7 
Do 
D1 
D2 
D3 
D4 
Ds 
H 
H 
H 
H 
D7 
Do 
D1 
D2 
D3 
D4 
Ds 
Ds 


H ~ 
HIGH Voltage Level 
L - 
LOW Voltage Level 


X = Don't Care 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 


If Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
under Bias (Tcl 
O'Cto 
+ 85'C 
please 
contact 
the 
National 
Semiconductor 
Sales 
VEE Pin Potential 
to Ground 
Pin 
-7.0Vto 
+0.5V 
Office/Distributors 
for availability 
and specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 


Storage 
Temperature 
- 65'C to + 150'C 
Output Current 
(DC Output 
HIGH) 
-50mA 


Maximum 
Junction 
Temperature 
(TJ) 
+ 150'C 
Operating 
Range (Note 2) 
-5.7V 
to -4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
orVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
",A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
or VIL (Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
",A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
",A 
VIN = VIL (Min) 


Note 
1: Absolute 
maximum 
ratings are those values beyond which the device 
may be damaged 
or have its useful life impaired. 
Functional 
operation 
under these 
conditions 
is not implied. 


Note 2: Parametric values specified at -4.2V 
to -4.8V. 


Note 
3: ihe 
specified limits represent 
the "worst 
case" 
value for the parameter. 
Since these 
"worst 
case" 
values 
normally 
occur at the temperature 
extremes, 
additional 
noise immunity and guard banding can be achieved 
by decreasing 
the allowable 
system operating 
ranges. 


Note 
4: Conditions 
for testing shown in the tables are chosen 
to guarantee 
operation 
under "worst case" 
conditions. 
• 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V 
unless 
otherwise 
specified, 
Vee = VeeA = GND, Te O'C to +85'C 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


IIH 
Input HIGH Current 
220 
I-'A 
VIN = VIH (Max) 
All Inputs 


lEE 
Power Supply Current 
-205 
-140 
-95 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +2S'C 
Tc = +8S'C 
Units 
Conditions 


Min 
Max 
Min 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
1.10 
2.80 
1.10 
2.70 
1.10 
2.80 
ns 
tpHL 
On to Output 


tpLH 
Propagation 
Delay 
1.15 
4.20 
1.25 
4.20 
1.15 
4.20 
ns 


tpHL 
M to Output 
Figures 
1 and 2 


tpLH 
Propagation 
Delay 
1.70 
4.20 
1.70 
4.20 
1.70 
4.20 
ns 
tpHL 
Sn to Output 


tTLH 
Transition 
Time 
0.50 
2.30 
0.50 
2.30 
0.50 
2.30 
ns 


tTHL 
20% to 80%, 
80% to 20% 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +2S'C 
Tc = +8S'C 
Units 
Conditions 


Min 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
1.10 
2.60 
1.10 
2.50 
1.10 
2.60 
ns 


tpHL 
On to Output 


tpLH 
Propagation 
Delay 
1.15 
4.00 
1.25 
4.00 
1.15 
4.00 
ns 


tpHL 
M to Output 


Figures 
1 and 2 
tpLH 
Propagation 
Delay 
1.70 
4.00 
1.70 
4.00 
1.70 
4.00 
ns 


tpHL 
Sn to Output 


tTLH 
Transition 
Time 
0.50 
2.20 
0.50 
2.20 
0.50 
2.20 


tTHL 
20% to 80%,80% 
to 20% 
ns 


L1,~, 
,,1 


17 


16 
"::" 
SOD 
L2 
15 
SOD 
r, 
14 
SOD 
SOD 
, II 
RT 


SOD 
SOD 


"::" 
"::" 
SOD 


"::" 


Notes: 


Vcc, VCCA ~ 
+2V, 
VEE ~ 
-2.5V. 
L1 and l2 = equal length 50n impedance lines. 
AT = 50n 
terminator 
internal 
to scope. 
Decoupling 
0.1 f'F from GND to Vcc and VEE. 


All unused outputs are loaded with son to GND. 
CL = fixture 
and stray capacitance 
:s;. 3 pF. 


Pin numbers 
shown are for f1atpak; for DIP refer to logic symbol. 


FIGURE 
1. AC Test Circuit 
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Applications 


The following 
technique 
uses two ranks of F1 00158s 
to shift 
a 64-bit 
word 
from 
0 to 63 places. 
Although 
two stage 
de- 
lays are required 
(one for each 
rank), 
the total 
shift takes 
only about 4 ns. This technique 
performs 
a bit shift on each 
8-bit byte in the first rank and then a modul0-8 
byte shift on 
the 64-bit 
word in the second 
rank. 


Basic 16·BII 0-7 
Place Shifter 


Figure 
3 shows 
the basic 
0-7 
place 
shift technique 
which 


can 
be 
expanded 
to 
accommodate 
any 
word 
length. 


Each 8-bit byte requires 
a pair of F1 00158s 
operating 
in the 


LOW backfill 
mode. 
The address 
lines for each 
pair of ICs 


are driven 
out of phase 
by three 
OR gates. 
Inputs 
for the 


two ICs are taken 
from two bytes transposed 
in order; 
out- 


puts are transposed 
and emitter-OR 
tied. One device 
shifts 
right from location 
0 and the other shifts left from location 
7. 


The bits shifted 
off one pair are picked up by the next pair of 


F100158s 
or-in 
the case 
of the 
last one in the 
rank-re- 


turned 
to the first device. 
The net result is a 0-7 
place shift 


of the entire word. 


-'\ 
r- 


-5 
5_ 


4 
TO 
FROM 4_ 


3 
F100158 
III 


F100158 
3 


2 
4 
1 
2 
1 
1 
o 
I 
0 


---u:=:: 


Do D10203D~D 
50607 
000,02030.0 50601 
0001020304050&01 
0001020304050607 
So 
-So 
r--So 
r-- 
So 
~ 
-5, 
F100158 
~s, 
F100158 
~SI 
F100158 
-5, 
F100158 


-s, 
1 
~s, 
2 
~s, 
3 
-5, 
4 


-M 
-M 
-M 
-M 
ZOZ,Z2Z3Z4Zs 
l621 
ZoZ,Z2Z3Z4Z 
SZ8Z7 
lol1 22 232425 2627 
loZ, 222324 252627 


~ 
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Applications 
(Continued) 


Expanding 
to 64-Blt Word and 64-Place 
Shift 


The 
basic 
0-7 
place 
shift 
technique 
can 
be expanded 
to 


accommodate 
a 64-bit 
word 
shifted 
from 
0 to 63 places, 
however, 
two 
ranks 
of F100158s 
are required 
(Figure 
4). 
The first rank is identical 
to the one illustrated 
in Figure 
3 
except 
it contains 
a total 
of 16 devices. 
The second 
rank 


consists 
of 
eight 
additional 
F100158s 
connected 
in the 
modul0-8 
configuration 
shown 
in Figure 
5. 


The modul0-8 
rank is used to simulate 
an 8-bit simultaneous 
shift 
since 
the 
F100158 
cannot 
shift 
in 8-bit 
jumps. 
The 


modul0-8 
configuration 
is achieved 
by wiring 
the first 
rank 
and the output 
device 
to the second 
rank as illustrated 
in 


Figure 
5. The 
LSB of each 
output 
byte 
in the first 
rank 
is 
wired 
to one of the eight 
inputs 
of the first F1 00158 
in the 


second 
rank. The next least significant 
bit of each first-rank 


F100158 
pair, 
however, 
is connected 
to the 
inputs 
of the 
second 
Fl 00158 
in the second 
rank. The other first-ranked 
outputs 
are connected 
in a similar fashion 
to the remainder 
of the 
second-rank 
inputs. 
Ultimately, 
the 
outputs 
of 
the 
second 
rank 
must 
then 
be connected 
to reform 
the 
final 


usable 
64-bit 
word 
so that the bits are again 
ordered 
from 
0-63. 


The effect 
is that 
each 
single-location 
shift 
in the 
second 


rank appears 
to be an eight place shift in the final word due 


to the way the inputs 
and outputs 
of the 
second 
rank 
are 
connected. 
The combination 
of the two ranks produces 
the 
64-place 
shift of the entire 
word. 


2 _64·BIT 
OUTPUT WORD" 
61 
62 
63 


~ 
~ ~ ~ 
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WORD TO BE SHIFTED 
l>"~"""""'~ ~,.m·l 


o 
8 
18 24 32 40 48 58 
1 
9 
17 25 33 41 49 57 
7 1$ 23 31 39 47 55 83 


FROM 
FIRST 
RANK 


S, 


54 
F100158 
S, 
F1001S8 
S, 
F100158 
So 
S, 
1 
S, 
2 
S, 
• 
M 
M 
MZo 2, 
2, 
Z, 
•••• 
M 
Zo 2, 
2, 
Z, •••• 
•• 
2, 
•• 
2, 
2, 
2, 
Z, •• 
•• 
•• 
2, 


TO 
OUTPUT 
DEVICE 


F100160 
Dual Parity Checker/Generator 


General Description 


The F100160 
is a dual parity checker/generator. 
Each half 
has nine inputs; the output 
is HIGH when an even number 
of 
inputs 
are HIGH. 
One of the nine inputs 
(Ia or Ib) has the 
shorter 
through-put 
delay 
and is therefore 
preferred 
as the 


expansion 
input 
for generating 
parity 
for 
16 or more 
bits. 


The F100160 
also 
has a Compare 
(C) output 
which 
allows 
the circuit to compare 
two 8-bit words. 
The C output 
is LOW 
when the two words 
match, bit for bit. All inputs 
have 50 kf1 
pulldown 
resistors. 


Connection 
Diagrams 


24-Pin DIP 


16b 
1 
24 
ISb 


17b 
2 
23 
14b 


Ib 
3 
22 
'3b 


Zb 
4 
21 
IZb 
C 
5 
ZO 
lib 


Vcc 
6 
19 
lOb 


VCCA 
7 
18 
VEE 


Za 
8 
17 
17a 


la 
9 
16 
16a 


lOa 
10 
lS 
ISa 


11a 
11 
14 
14 


IZa 
12 
13 
13a 


Refer to the F100360 
datasheet 
for: 
PCC packaging 
Lower 
power 
Military versions 
Ex1ended voltage 
specs (-4.2V to -5.7V) 


Pin Names 
Description 


la, Ib, Ina, Inb 
Data Inputs 
Za, Zb 
Parity Odd Outputs 
C 
Compare 
Output 


13b 


14b 
2 


'Sb 
3 


16b 
4 


17b 
5 


'b 
6 
• 


o 
CDo 
Logic Diagram 
o•.. 


Sum of 
Output 
HIGH Inputs 
Z 


Even 
HIGH 


Odd 
LOW 


Comparator 
Function 


C = (lOa 
Ell l1al + (12a Ell 13al + (I4a 
Ell Isa) + 


(16a Ell 17al + (lOb 
Ell 11b) + (12b Ell 13b) + 


(I4b 
Ell ISb) + (I6b 
Ell 17b) 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
under Bias (Tcl 
O'Cto 
+85'C 


please 
contact 
the 
National 
Semiconductor 
Sales 
VEE Pin Potential 
to Ground 
Pin 
-7.0V 
to + 0.5V 


Office/Distributors 
for availability 
and specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 
Storage 
Temperature 
- 65'C to + 150'C 
Output Current 
(DC Output 
HIGH) 
-50mA 
Maximum 
Junction 
Temperature 
(TJ) 
+ 150'C 
Operating 
Range (Note 2) 
-5.7Vto 
-4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = 
VCCA = 
GND, Tc 
= 
O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN =VIH 
(Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
orVIL 
(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN ~ VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
orVIL(Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
IJoA 
VIN = VIL IMin) 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = 
VCCA = 
GND, Tc 
= 
O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
orVIL(Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 


for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
IJoA 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = 
VCCA = 
GND, Tc 
= 
O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 


for All Inputs 


IlL 
Input LOW Current 
0.50 
IJoA 
VIN = VIL CMin) 


Note 
1: Absolute 
maximum 
ratings are those values beyond which the device 
may be damaged 
or have its useful life impaired. 
Functional 
operation 
under these 
conditions 
is not implied. 


Note 
2: Parametric 
values specified 
at -4.2V 
to -4.8V. 


Mo\e 3: l\\e speciliedlimitsrepresentt\\e "wOlStcase" ,a\ue lor t\\e parameler.SinceIhese "worst case" ,alues normallyoccur al the lemperatureextremes, 
additional 
noise immunity and guard banding can be achieved 
by decreasing 
the allowable 
system operating 
ranges. 


Note 
4: Conditions 
for testing shown in the tables afe chosen to guarantee 
operation 
under "worst case" 
conditions. 
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DC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V 
unless 
otherwise 
specified, 
Vee = VeeA = GND. Te = O'C to +85'C 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


IIH 
Input HIGH Current 


la.lb 
340 
".A 


VIN = VIH (Max) 


Ina.lnb 
240 


lEE 
Power Supply Current 
-115 
-82 
-57 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = -4.2V 
to -4.8V. 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 


Mln 
Max 
Min 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
1.30 
4.30 
1.30 
4.10 
1.30 
4.30 
ns 


tpHL 
Ina. Inb to Za. Zb 


tpLH 
Propagation 
Delay 
1.20 
3.30 
1.20 
3.10 
1.20 
3.30 
ns 


tpHL 
Ina.lnb to C 
Figures 
1&2 


tpLH 
Propagation 
Delay 
0.50 
1.60 
0.50 
1.50 
0.50 
1.60 
ns 


tpHL 
la. Ib to Za. Zb 


tTLH 
Transition 
Time 
0.45 
1.60 
0.45 
1.50 
0.45 
1.60 


tTHL 
20% to 80%, 80% to 20% 
ns 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
1.30 
4.10 
1.30 
3.90 
1.30 
4.10 
ns 
tpHL 
Ina. Inb to Za. Zb 


tPLH 
Propagation 
Delay 
1.20 
3.10 
1.20 
2.90 
1.20 
3.10 
ns 
tpHL 
Ina. Inb to C 
Figures 
1&2 
tPLH 
Propagation 
Delay 
0.50 
1.40 
0.50 
1.30 
0.50 
1.40 
ns 
tpHL 
la. Ib to Za. Zb 


tTLH 
Transition 
Time 
0.45 
1.50 
0.45 
1.40 
0.45 
1.50 


tTHL 
20% to 80%. 
80% to 20% 
ns 


...•. 
0 


Vee 
0...•. 
0) 
0 


PULSE 
t'" 
GENERATOR 
I1 


L1 


SCOPE 
, 


CHAN 
A 
\ , 


RT 1 
3 


4 
-=- 
5 


L2 


SCOPE 
,-, 


CHAN 
B 
\ , 


RT 1 


Not.s: 
Vcc, VCCA ~ 
+2V, 
VEE ~ 
-2.5V 
L1 and L2 = equal length 50n impedance 
lines 
RT = 50n terminator 
internal to scope 
Decoupling 
0.1 I'F from GND to Vcc and VEE 


All unused outputs are loaded with 50n to GND 
CL = Fixture and stray capacitance 
s: 3 pF 


Pin numbers shown are for flatpak; for DIP see logic symbol 


0.7:<0.1nS-----J r l 1=0.7:<0., 
ns 


INPUT 
~ 
16~% 
:::::: 


- 
'M~ Illr"" 
.,.J ~ ~ ~."' 
L j ~."' 


COMPLEMENT 
tTLH-.J 
• 


~National 
~ 
Semiconductor 


F100163 
Dual a-Input Multiplexer 


General Description 


The F100163 
is a dual a-input 
multiplexer. 
The Data Select 


(Sn) inputs 
determine 
which 
bit (An and 8n) will be present- 
ed at the 
outputs 
(Za and 
Zb respectively). 
The 
same 
bit 


(0-7) 
will 
be selected 
for 
both 
the 
Za and 
Zb output. 
All 
inputs 
have 50 kf1 pulldown 
resistors. 


S, 


So 


TLiF/9864-3 


Connection 
Diagrams 


24-Pin 
DIP 


83 
24 
84 
82 
2 
23 
85 
8, 
3 
22 
86 
80 
4 
21 
87 


Zb 
5 
20 
52 


Vcc 
6 
19 
5, 


VCCA 
7 
18 
VEE 


Z. 
8 
17 
50 


Ao 
9 
16 
A7 


A, 
10 
15 
A6 


A2 
11 
14 
A5 


A3 
12 
13 
A4 


TLIF/9864-1 


Refer to the F100363 
datasheet 
for: 


pee packaging 
Lower power 
Military versions 
Extended 
voltage 
specs 
(-4.2V 
to -5.7V) 


Pin Names 
Description 


SO-52 
Data Select 
Inputs 


Ao-A7 
A Data Inputs 


80-87 
8 Data Inputs 


Za, Zb 
Data Outputs 


24·Pin 
Quad Cerpak 


87 52 5, VEE 50 
A7 


86 
1 


85 
2 


84 
3 


83 
4 


82 
5 


8, 
6 


( Ii~ 
1 


I 
IT 
II 
Ul 
II 
r YY 't,~frY 
fr fiDY'( 
~lllJ, 
W 
y 
z. 
Z. 


TLiF/9864-5 


Truth Table 


Inputs 
Outputs 
5elect 
Data 


52 
51 
50 
A7 
A6 
A5 
A4 
A3 
A2 
A1 
Ao 
Za 


87 
86 
85 
84 
83 
82 
81 
80 
Zb 


L 
L 
L 
L 
L 


L 
L 
L 
H 
H 


L 
L 
H 
L 
L 


L 
L 
H 
H 
H 


L 
H 
L 
L 
L 


L 
H 
L 
H 
H 


L 
H 
H 
L 
L 


L 
H 
H 
H 
H 


H 
L 
L 
L 
L 


H 
L 
L 
H 
H 


H 
L 
H 
L 
L 


H 
L 
H 
H 
H 


H 
H 
L 
L 
L 


H 
H 
L 
H 
H 


H 
H 
H 
L 
L 


H 
H 
H 
H 
H 


H ~ HIGH Voltage Level 
L ~ LOW Voltage Level 
Blank = X = Don't Care 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 


If Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
under Bias (Tc) 
O·Cto 
+85·C 


please 
contact 
the 
National 
Semiconductor 
Sales 
VEE Pin Potential 
to Ground 
Pin 
-7.0Vto 
+0.5V 
Office/Distributors 
for availability 
and specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 
Storage 
Temperature 
- 65·C to + 150·C 
Output Current 
(DC Output 
HIGH) 
-50mA 
Maximum 
Junction 
Temperature 
(TJ) 
+ 150·C 
Operating 
Range (Note 2) 
-5.7Vto 
-4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = 
VCCA = 
GND, Tc 
= 
O·C to +85·C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN =VIH 
(Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output LOW Voltage 
-1610 
or VIL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 


for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 


for All Inputs 


IlL 
Input LOW Current 
0.50 
p.A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = 
VCCA = 
GND, Tc 
= 
O·C to +85·C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
or VIL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 


for All Inputs 


IlL 
Input LOW Current 
0.50 
p.A 
VIN = VIL (Minl 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = 
VCCA = 
GND, Tc 
= 
O·C to + 85·C (Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
orVIL 
(Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 


for All Inputs 


IlL 
Input LOW Current 
0.50 
p.A 
VIN = VIL (Min) 


Note 
1: Absolute 
maximum 
ratings are those values beyond which the device 
may be damaged 
or have its useful life impaired. 
Functional 
operation 
under these 


conditions 
is not implied. 


Note 2: Parametric values specified at -4.2V 
to -4.8V. 


Note 
3: The specified 
limits represent 
the "worst case" 
value for the parameter. 
Since these 
"worst case" 
values normally 
occur at the temperature 
extremes, 


additional 
noise immunity and guard banding 
can be achieved 
by decreasing 
the allowable 
system operating 
ranges. 


Note 
4: Conditions 
for testing shown in the tables 
are chosen 
to guarantee 
operation 
under "worst case" 
conditions. 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V 
unless 
otherwise 
specified. 
Vee = VeeA = GND. Te = O'C to +85'C 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


IIH 
Input HIGH Current 


Sn 
265 
p.A 
VIN = VIH (Max) 
An.8n 
340 


lEE 
Power Supply Current 
-153 
-110 
-76 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +2S'C 
Tc = +8S'C 
Units 
Conditions 


Min 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.55 
1.65 
0.60 
1.70 
0.65 
1.80 
ns 


tpHL 
Ao-A7. 
80-87 
to Output 


tPLH 
Propagation 
Delay 
1.10 
2.80 
1.10 
2.80 
1.20 
3.10 
ns 
Figures 
1&2 
tpHL 
SO-52 
to Output 


tTLH 
Transition 
Time 
0.50 
1.85 
0.55 
1.80 
0.50 
1.80 


tTHL 
20% to 80%. 
80% to 20% 
ns 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V. 
Vee = VCCA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +2S'C 
Tc = +8S'C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.55 
1.45 
0.60 
1.50 
0.65 
1.60 
tpHL 
Ao-A? 
80-87 
to Output 
ns 


tpLH 
Propagation 
Delay 
1.10 
2.60 
1.10 
2.60 
1.20 
2.90 
Figures 
1&2 
tpHL 
SO-52 
to Output 
ns 


tTLH 
Transition 
Time 
0.50 
1.75 
0.55 


tTHL 
20% to 80%. 
80% to 20% 
1.70 
0.50 
1.70 
ns 


PULSE 
,-, 


GENERATOR 
,,.1 
2 
17 


3 
16 


L1 


SCOPE 
r, 


CHAN A 
, I 


RTl 


-= 


Noles: 
Vcc. VCCA ~ 
+2V. 
VEE ~ 
-2.5V 
L1 and L2 = equal length 50n impedance 
lines 
RT = 50n terminator 
internal to scope 
Decoupling 
0.1 I'F from GND to Vcc and VEE 
All unused outputs are loaded with 50n to GND 
Cl = Fixture and stray capacitance s; 3 pF 
Pin numbers 
shown are for flatpak; 
for DIP see logic symbol 


~tPLH 


80% 


50% 
I 


~ 
2[ITLH 


~ 
National 
~ 
Semiconductor 


F100164 
16-lnput Multiplexer 


General Description 


The F100164 
is a 16-input 
mUltiplexer. 
Data paths are con- 


trolled 
by four Select 
lines (SO-S3)' 
Their decoding 
is shown 


in the truth 
table. 
Output 
data 
polarity 
is the same 
as the 


selected 
input data. 
All inputs 
have 50 kfi 
pulldown 
resis- 


tors. 


Refer to the F100364 
datasheet 
for: 


PCC packaging 
Lower 
power 
Military 
versions 


- Extended 
voltage 
specs 
(-4.2V 
to -5.7V) 


'3 
1 


'. 
2 


'5 
3 


'6 
• 
'7 
5 


Vcc 
6 


VCGA 
7 


Z 
8 


'8 
9 


'9 
10 


"0 
11 


'11 
12 


2. 
'2 


23 
'I 


22 
'0 


21 
53 


20 
52 


19 
5, 


18 
VEE 


17 
50 


16 
'15 


15 
'14 


U 
',3 


13 
',2 


Pin Names 
Description 


10-115 
Data Inputs 


SO-S3 
Select 
Inputs 


Z 
Data Output 


24-Pln Quad Cerpak 


53 
52 
5, 
VEE 50 
'15 


..". 
CDC; 
Logic Diagram 
o 
.•.. 


Select 
Inputs 
Output 


So 
Sl 
S2 
S3 
Z 


L 
L 
L 
L 
10 
H 
L 
L 
L 
11 
L 
H 
L 
L 
12 


H 
H 
L 
L 
13 


L 
L 
H 
L 
14 
H 
L 
H 
L 
15 
L 
H 
H 
L 
16 
H 
H 
H 
L 
17 


L 
L 
L 
H 
Ie 
H 
L 
L 
H 
19 


L 
H 
L 
H 
110 
H 
H 
L 
H 
111 


L 
L 
H 
H 
112 
H 
L 
H 
H 
113 
L 
H 
H 
H 
114 
H 
H 
H 
H 
115 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 
If Military/Aerospace 
specified devices are required, 
please 
contact 
the 
National 
Semiconductor 
Sales 
Office/Distributors for availability and specifications. 


Storage 
Temperature 
- 65·C to + 150·C 


Maximum 
Junction 
Temperature 
(TJ) 
+ 150·C 


Case Temperature 
under Bias (Tcl 


VEE Pin Potential 
to Ground 
Pin 


Input Voltage 
(DC) 


Output Current 
(DC Output 
HIGH) 


Operating 
Range (Note 2) 


O·Cto 
+ 85·C 


-7.0Vto 
+0.5V 


VEEto 
+0.5V 


-50mA 


-5.7V 
to -4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V. 
VCC = VCCA = GND. Tc = O·C to + 85·C (Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions (Note 4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
orVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH (M!n) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
OrVIL(Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
/LA 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.2V. 
VCC = VCCA = GND. Tc = O·C to +85·C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions (Note 4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
or VIL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
/LA 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.8V. 
VCC = VCCA = GND. Tc = O·C to + 85·C (Note 
3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions (Note 4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
/LA 
VIN = VIL (Min) 


Note 1: Absolute 
maximum 
ratings are those values beyond whtch the device 
may be damaged 
or have its useful life impaired. 
Functional 
operation 
under these 
conditions 
is not implied. 


Note 2: Parametric values specified at -4.2V 
to -4.8V. 


Note 
3: 1he 
specified 
\imits represent 
the "worst 
case" 
value 
for the parameter. 
Since these 
"worst 
case" 
values 
normally 
occur at the temperature 
extremes, 


additional 
noise immunity and guard banding 
can be achieved 
by decreasing 
the allowable 
system operating 
ranges. 


Note 
4: Conditions 
for testing shown in the tables 
are chosen 
to guarantee 
operation 
under "worst case" 
conditions. 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V 
unless 
otherwise 
specified, 
Vee = VeeA = GND, Te = O·C to +85·C 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


IIH 
Input HIGH Current 


In 
280 


SO, S1 
240 
/LA 
VIN = VIH (Max) 


S2,S3 
200 


lEE 
Power Supply Current 
-105 
-70 
-49 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O·C 
Tc = +25·C 
Tc = +85·C 
Units 
Conditions 
Mln 
Max 
Min 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
0.80 
2.20 
0.90 
2.35 
0.90 
2.55 
ns 
tpHL 
10-115 to Output 


tpLH 
Propagation 
Delay 
1.45 
3.10 
1.45 
3.20 
1.55 
3.60 
ns 
tpHL 
So, S1 to Output 
Figures 
1 and 2 
tpLH 
Propagation 
Delay 
1.10 
2.45 
1.10 
2.50 
1.20 
2.80 
ns 
tpHL 
S2, S3 to Output 


tTLH 
Transition 
Time 
0.45 
1.70 
0.45 
1.70 
0.45 
1.70 
tTHL 
20% to 80%, 
80% to 20% 
ns 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O·C 
Tc = +25·C 
Tc = +85·C 
Units 
Conditions 
Min 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.80 
2.00 
0.90 
2.15 
0.90 
2.35 
tpHL 
10-115 to Output 
ns 


tpLH 
Propagation 
Delay 
1.45 
2.90 
1.45 
3.00 
1.55 
3.40 
tpHL 
So, S1 to Output 
ns 


Figures 
1 and 2 


tpLH 
Propagation 
Delay 
1.10 
2.25 
1.10 
2.30 
1.20 
2.60 
tpHL 
S2, S3 to Output 
ns 


tTLH 
Transition 
Time 
0.45 
1.60 
0.45 
1.60 
0.45 
tTHL 
20% to 80%, 
80% to 20% 
1.60 
ns 


VEEO.1/lF 
H~ 


I I I 
I I 
Ie 
PULSE 
I 
I~' 
24 23 22 21 20 19 


GENERATORI 
' 
I 
1 
18 r- 
1 
- 
2 
17 r- 


- 
3 
16 r- 


-4 
15 r- 


L1 
- 
5 
14 r- 
I 
SCOPE 
I 
,~, - 6 
13 r- 
CHAN A I 
' , 
7 
8 
9 
10 11 12 


RTl. 
I I J I I,L!, 
I 
SCOPE I 
.". 
, 
I 
I 
CHAN B 
O.25.F.± 
g.l.Fl 
RT 
1 


Vcc 1 .". 


.". 
TL/F/9865-6 
FIGURE 
1. AC Test 
Circuit 


mo, "'1r lro"o,", 
'''"' ~ 
~F 


IPHL-! -r 
~~~-tPLH 
+0.31 V 


80% 


tTHLJ 
~ 


Noles: 
Vcc. VCCA ~ 
+2V, VEE = -2.5V 


L1 and L2 ~ equal length son impedance 
lines 
RT = 50n terminator 
internal 
to scope 
Oecoupling 0.' 
".F from GNO 10 Vcc and VEE 


All unused outputs are loaded with son to GNO 
CL = Fixture and stray capacitance 
s; 3 pF 


Pin numbers 
shown are for flatpak; 
for DIP see logic symbol 
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~National 
~ 
Semiconductor 


F100165 
Universal Priority Encoder 


General Description 


The 
F100165 
contains 
eight 
input 
latches 
with 
a common 


Enable 
(E) followed 
by encoding 
logic which 
generates 
the 


binary 
address 
of the 
highest 
priority 
input 
having 
a HIGH 


signal. The circuit operates 
as a dual 4-input 
encoder 
when 


the Mode Control 
(M) input is lOW, 
and as a single a-input 


encoder 
when 
M is HIGH. In the a-input 
mode, 
00, 01 and 


02 
are the relevant 
outputs, 
10 is the highest 
priority 
input 
and 
GS1 is the 
relevant 
Group 
Signal 
output. 
In the 
dual 


mode, 
00, 01 and GS1 operate 
with 10-13. 02, 03 and GS2 


TLiF/9888-3 


Connection 
Diagrams 


24-PlnDIP 


°0 
1 
24 
10 


00 
2 
23 
1, 


0, 
3 
22 
12 


°1 
4 
21 
13 


GS1 
5 
20 
hi 


Vcc 
6 
19 
E 


VcCA 
7 
18 
VEt 


GS2 
8 
17 
Of 


°2 
9 
16 
14 


O2 
10 
15 
Is 


03 
11 
14 
16 


°3 
12 
13 
17 


TLiF/9866-1 


operate 
with 
14-17. A GS output 
goes 
lOW 
when 
its perti- 


nent inputs 
are all lOW. 


Inputs are latched 
when E goes HIGH. A HIGH signal on the 


Output 
Enable 
(OE) input forces 
all 0 outputs 
lOW 
and GS 


outputs 
HIGH. Expansion 
to accommodate 
more inputs can 


be done 
by connecting 
the 
GS output 
of a higher 
priority 


group 
to the OE input 
of the next 
lower 
priority 
group. 
All 


inputs 
have 50 kO pulldown 
resistors. 


Pin Names 
Description 


10-17 
Data Inputs 
E 
Enable Input (Active 
lOW) 


OE 
Output 
Enable 
Input (Active 
lOW) 


M 
Mode Control 
Input 


GS1-GS2 
Group Signal Outputs 


00-03 
Data Outputs 


00-03 
Complementary 
Data Outputs 


24-Pln 
Quad Cerpak 


13 
hi 
E 
VEt Of 
14 


24 23 22 21 20 19 


12 
1 
18 
Is 


11 
2 
17 
16 


10 
3 
16 
17 
00 
4 
15 
03 


00 
5 
14 
03 


0, 
6 
13 
O2 


12 


Inputs 
Outputs 


E 
OE 
M 
10 
11 
12 
13 
14 
Is 
16 
17 
QO 
Q1 
Q2 
Q3 
GS1 
GS2 


L 
L 
L 
H 
X 
X 
X 
L 
L 
H 


L 
L 
L 
L 
H 
X 
X 
H 
L 
H 


L 
L 
L 
L 
L 
H 
X 
L 
H 
H 


L 
L 
L 
L 
L 
L 
H 
H 
H 
H 


L 
L 
L 
L 
L 
L 
L 
L 
L 
L 


L 
L 
L 
H 
X 
X 
X 
L 
L 
H 


L 
L 
L 
L 
H 
X 
X 
H 
L 
H 


L 
L 
L 
L 
L 
H 
X 
L 
H 
H 


L 
L 
L 
L 
L 
L 
H 
H 
H 
H 


L 
L 
L 
L 
L 
L 
L 
L 
L 
L 


L 
L 
H 
H 
X 
X 
X 
X 
X 
X 
X 
L 
L 
L 
L 
H 
H 


L 
L 
H 
L 
H 
X 
X 
X 
X 
X 
X 
H 
L 
L 
L 
H 
H 


L 
L 
H 
L 
L 
H 
X 
X 
X 
X 
X 
L 
H 
L 
L 
H 
H 


L 
L 
H 
L 
L 
L 
H 
X 
X 
X 
X 
H 
H 
L 
L 
H 
H 


L 
L 
H 
L 
L 
L 
L 
H 
X 
X 
X 
L 
L 
H 
L 
H 
H 


L 
L 
H 
L 
L 
L 
L 
L 
H 
X 
X 
H 
L 
H 
L 
H 
H 


L 
L 
H 
L 
L 
L 
L 
L 
L 
H 
X 
L 
H 
H 
L 
H 
H 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
L 
H 
H 


L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 


X 
H 
X 
X 
X 
X 
X 
X 
X 
X 
X 
L 
L 
L 
L 
H 
H 


H 
L 
L 
X 
X 
X 
X 
X 
X 
X 
X 
Given by 10-17 when 
EO was LOW and M = L 
H 
L 
H 
X 
X 
X 
X 
X 
X 
X 
X 
Given by 10-17 when 
EO was LOW and M = H 


H = HIGH 'Iol\age 
level 
L ~ LOW Voltage Level 
Blank ~ X - 
Don'! Care 


• 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 


If Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
under Bias (Tcl 
O'Cto 
+85'C 
please 
contact 
the 
National 
Semiconductor 
Sales 
VEE Pin Potential 
to Ground 
Pin 
-7.0Vto 
+0.5V 
Office/Distributors 
for availability 
and specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 
Storage 
Temperature 
-65'C 
to + 150'C 
Output Current 
(DC Output 
HIGH) 
-50mA 
Maximum 
Junction 
Temperature 
(TJ) 
+150'C 
Operating 
Range (Note 2) 
-5.7Vto 
-4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = 
VCCA = 
GND, Tc 
= 
O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
V,N =V,H 
(Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
orV,L(Min) 
50n 
to - 2.0V 


VOHC 
Output HIGH Voltage 
-1035 
mV 
V,N = V,H (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
orV,L 
(Max) 
50n 
to - 2.0V 


V,H 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 


for All Inputs 


V,L 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


I'L 
Input LOW Current 
0.50 
IJ-A 
V,N = V,L (Min) 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = 
VCCA = 
GND, Tc 
= 
O'C to + 85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output HIGH Voltage 
-1020 
-870 
mV 
V,N = V,H (Max) 
l.oading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Minj 
50n 
to - 2.0V 


VOHC 
Output HIGH Voltage 
-1030 
mV 
V,N = V,H (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
orV,L(Max) 
50n 
to -2.0V 


V,H 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 


for All Inputs 


I'L 
Input LOW Current 
0.50 
IJ-A 
V,N = V,L (Min) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = 
VCCA = 
GND, Tc 
= 
O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
V,N = V,H (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
OrVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
V,N = V,H (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
orVIL 
(Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


I'L 
Input LOW Current 
0.50 
IJ-A 
V,N = VIL (Min) 


Note 
1: Absolute 
maximum 
ratings are those values 
beyond 
which the device 
may be damaged 
or have its useful life impaired. 
Functional 
operation 
under these 


conditions 
is not implied. 


Note 2: Parametric values specified at -4.2V 
to -4.BV. 


Note 
3: The 
specified 
limits represent 
the "worst 
case" 
value for the parameter. 
Since these 
"worst 
case" 
values 
normally 
occur at the temperature 
extremes, 


additional 
noise immunity and guard banding 
can be achieved 
by decreasing 
the allowable 
system 
operating 
ranges. 


Note 
4: Conditions 
for testing shown 
in the tables 
are chosen 
to guarantee 
operation 
under "worst 
case" 
conditions. 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V 
unless 
otherwise 
specified, 
Vee = VeeA = GND, Te = O·C to +85·C 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


IIH 
Input HIGH Current 
230 
/-LA 
VIN = VIH (Max) 
All Inputs 


lEE 
Power Supply Current 
-200 
-140 
-77 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Characteristics 
VEE = 
-4.2V 
to -4.8V, 
Vce = VeeA = GND 


Symbol 
Parameter 
Tc = O·C 
Tc = +2S·C 
Tc = +8S·C 
Units 
Condition 
Min 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 


tpHL 
10-17 to 00-03, 00-03 
1.10 
4.10 
1.10 
4.10 
1.10 
4.60 
ns 


(Transparent 
Mode) 
Figures 
1 and 3 


tpLH 
Propagation 
Delay 


tpHL 
10-17 to GS1-GS2 
1.30 
3.90 
1.30 
3.90 
1.30 
4.20 
ns 


(Transparent 
Mode) 


tpLH 
Propagation 
Delay 
1.00 
3.00 
1.00 
3.00 
1.10 
3.30 
ns 
tPHL 
OE to 00-03, 00-03 


tpLH 
Propagation 
Delay 
1.10 
2.60 
1.10 
2.60 
1.20 
2.80 
ns 
Figures 
1 and 2 


tpHL 
OE to GS1-GS2 


tpLH 
Propagation 
Delay 
0.90 
3.60 
1.00 
3.60 
1.00 
3.80 
ns 
tpHL 
M to 00-03, 00-03 


tPLH 
Propagation 
Delay 
1.50 
4.70 
1.50 
4.60 
1.50 
5.00 
ns 
Figures 
1 and 3 
tpHL 
E to 00-03, 00-03 


tTLH 
Transition 
Time 
0.45 
1.50 
0.45 
1.40 
0.45 
Figures 
1,2 and 3 


tTHL 
20% to 80%, 
80% to 20% 
1.50 
ns 


ts 
Setup Time 
1.00 
0.90 
1.00 
10-17 
ns 


Figure 4 
tH 
Hold Time 
1.20 
10-17 
1.20 
1.20 
ns 


tpw(L) 
Pulse Width 
LOW 
2.00 
2.00 
E 
2.00 
ns 
Figure 3 
• 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 


Min 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 


tpHL 
10-17to 00-03. 00-03 
1.10 
3.90 
1.10 
3.90 
1.10 
4.40 
ns 


(Transparent 
Mode) 
Figures 
1 and 3 


tpLH 
Propagation 
Delay 


tpHL 
10-17to GS1-GS2 
1.30 
3.70 
1.30 
3.70 
1.30 
4.00 
ns 


(Transparent 
Mode) 


tpLH 
Propagation 
Delay 
1.00 
2.80 
1.00 
2.80 
1.10 
3.10 
ns 


tpHL 
OE to 00-03, 00-03 


tpLH 
Propagation 
Delay 
1.10 
2.40 
1.10 
2.40 
1.20 
2.60 
ns 
Figures 
1 and 2 
tpHL 
OE to GS1-GS2 


tpLH 
Propagation 
Delay 
0.90 
3.40 
1.00 
3.40 
1.00 
3.60 
ns 


tpHL 
M to 00-03. 00-03 


tpLH 
Propagation 
Delay 
1.50 
4.50 
1.50 
4.40 
1.50 
4.80 
ns 
Figures 
1 and 3 
tpHL 
E to 00-03. 00-03 


tTLH 
Transition 
Time 
0.45 
1.40 
0.45 
1.30 
0.45 
1.40 
Figures 
1.2and 3 
ns 


tTHL 
20% to 80%. 
80% to 20% 


ts 
Setup Time 
0.90 
0.80 
0.90 
ns 
10-17 
Figure 4 
tH 
Hold Time 
1.10 
1.10 
1.10 
10-17 
ns 


tpw(L) 
Pulse Width LOW 
2.00 
2.00 
2.00 
Figure 3 
E 
ns 


0'7"'0'1nO~){I_ l 1-07+01no 
- 
~18O% 
- 
+105V 


M. Of 
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~ 


20% 
_____ 
------+031 
V 


TRUE 
IpHL 
1- 
",-,.J ~- 


LJ 


COMPLEMENT 
tTlH-.I 


TL/F/9866-7 


FIGURE 
2. Propagation 
Delay 
(M, OE) and Transition 
Times 


Noles: 


Vcc. VCCA ~ 
+2V, 
VEE ~ 
-2.5V 


L1 and L2 ~ equal length 50n impedance 
lines 


RT = 500 
terminator 
internal to scope 


Decoupling 
0.1 ".F from GND to Vcc and VEE 


All unused outputs are loaded with 50n to GND 


CL = Fixture and stray capacitance 
:s: 3 pF 


Pin numbers 
shown are for flatpak; for DIP see logic symbol 


,,.----------1: 
I 
\ 


\ 
I 
\ 
\ 
I 
"" 
J 


_DATA__ 
X 
X 
_ 


_ENABLE_~-'T_Ih~- 


Notea: 


ts is the minimum time betore the Iransilion 
ot the enable Ihat information 
must be present at the data input 


th is the minimum time after the transition 
of the enable 
that information 
must remain unchanged 
at the data input. 


Ell 


~ 
National 
~ 
Semiconductor 


F100166 
9-Bit Comparator 


General Description 
The F100166 is a 9-bit magnitude comparator which com· 
pares the arithmetic value of two 9·bit words and indicates 
whether one word is greater than, or equal to, the other. 


Other functions can be generated by the wire-OR of the 
outputs. All inputs have 50 kO pulldown resistors. 


Pin Names 
Description 


Ao-Aa 
A Data Inputs 
Bo-Ba 
B Data Inputs 
A>B 
A Greater than B Output 
B>A 
B Greater than A Output 
A=B 
Complement A Equal to B Output 
(Active LOW) 


24·Pin Quad Cerpak 


Bs 
B7 
Be 
VEE Ae 
A7 


20 
19 


Bs 
18 
As 


B4 
2 
17 
As 


B3 
3 
16 
A4 


B2 
4 
15 
A3 


B, 
5 
14 
A2 


Bo 
13 
Al 


7 
a 


B>A A=B Vcc VCCAA>B Ao 


, ) 
'j 


Aa8a 
A787 


H 
L 


L 
H 
Aa=8a 
H 
L 
Aa = 8a 
L 
H 


Aa = 8a 
A7 = 87 
Aa = 8a 
A7 = 87 
Aa = 8a 
A7 = 87 
Aa = 8a 
A7 = 87 


Aa = 8a 
A7 = 87 
Aa = 8a 
A7 = 87 
Aa = 8a 
A7 = 87 
Aa = 8a 
A7 = 87 


Aa = 8a 
A7 = 87 
Aa = 8a 
A7 = 87 
Aa = 8a 
A7 = 87 
Aa = 8a 
A7 = 87 


Aa = 8a 
A7 = 87 
Aa = 8a 
A7 = 87 
Aa = 8a 
A7 = 87 


H ~ 
HIGH Voltage Level 


L ~ 
LOW Voltage Level 


Blank = Don't Care 


H 
L 


L 
H 
AS=8S 
AS = 8S 


AS = 8S 
AS = 8S 
As = 8S 


As = 8S 


As = 8s 
AS = 8S 
AS = 8S 
AS = 8S 


As = 8s 
As = 8S 
As = 8S 


H 
L 
L 
H 


A5 = 85 
A5 = 85 
A5 = 85 
A5 = 85 


A5 = 85 
A5 = 85 
A5 = 85 
A5 = 85 


A5 = 85 
A5 = 85 
A5 = 85 


H 
L 


L 
H 
A4 = 84 


A4 = 84 


A4 = 84 
A4 = 84 
A4 = 84 


A4 = 84 


A4 = 84 
A4 = 84 


A4 = 84 


H 
L 
L 
H 


A3 = 83 
A3 = 83 
A3 = 83 
A3 = 83 


A3 = 83 
A3 = 83 
A3 = 83 


H 
L 
L 
H 
A2 = 82 
A2 = 82 


A2 = 82 
A2 = 82 
A2 = 82 


H 
L 
L 
H 


A1 = 81 
A1 = 81 
A1 = 81 


I~ 


H 
L 


L 
H 


AO = 80 


Outputs 
A>8 
8>A 
A=8 


H 
L 
H 


L 
H 
H 


H 
L 
H 


L 
H 
H 


H 
L 
H 


L 
H 
H 


H 
L 
H 


L 
H 
H 


H 
L 
H 


L 
H 
H 


H 
L 
H 


L 
H 
H 


H 
L 
H 


L 
H 
H 


H 
L 
H 


L 
H 
H 


H 
L 
H 


L 
H 
H 


L 
L 
L • 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
under Bias (Tc> 
O·Cto 
+85·C 
please 
contact 
the 
National 
Semiconductor 
Sales 
VEE Pin Potential 
to Ground 
Pin 
-7.0Vto 
+0.5V 
Office/Distributors 
for availability 
and specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 
Storage 
Temperature 
- 65·C to + 150·C 
Output Current 
(DC Output 
HIGH) 
-50mA 


Maximum 
Junction 
Temperature 
(TJ) 
+150·C 
Operating 
Range (Note 2) 
-5.0Vto 
-4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = VCCA = GND, Tc = O·C to + 85·C (Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
orVIL(Min) 
50n 
to - 2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
orVIL 
(Max) 
50n 
to - 2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
I-'A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = VCCA = GND, Tc = O·C to +85·C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
or VIL (Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
I-'A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = VCCA = GND, Tc = O·C to +85·C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50n 
to - 2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
I-'A 
VIN = VIL (Min) 


Note 
1: Absolute 
maximum 
ratings are those values beyond which the device 
may be damaged 
or have its useful life impaired. 
Functional 
operation 
under these 


conditions 
is not 
implied. 


Note 2: Parametric values specified at -4.2V 
to -4.8V. 


Note 
3: The specified 
limits represent 
the "worst case" 
value for the parameter. 
Since these 
"worst 
case" 
values 
normally 
occur at the temperature 
extremes, 
additional 
noise immunity and guard banding can be achieved 
by decreasing 
the allowable 
system operating 
ranges. 


Note 
4: Conditions 
for testing shown in the tables are chosen to guarantee 
operation 
under "worst case" 
conditions. 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V 
unless 
otherwise 
specified, 
Vee = VeeA = GND, Te = O'C to +85'C 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


IIH 
Input HIGH Current 
250 
/-LA 
VIN = VIH (Max) 
All Inputs 


lEE 
Power Supply Current 
-238 
-170 
-t19 
mA 
Inputs Open 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
1.40 
3.50 
1.40 
3.50 
1.40 
3.90 
ns 


tpHL 
Data to Output 
Figures 
1 and 2 


tTLH 
Transition 
Time 
0.45 
1.55 
0.45 
1.50 
0.45 
1.50 
ns 


tTHL 
20% to 80%, 
80% to 20% 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 
Min 
Max 
Mln 
Max 
Min 
Max 


tPLH 
Propagation 
Delay 
1.40 
3.30 
1.40 
3.30 
1.40 
3.70 
ns 


tpHL 
Data to Output 
Figures 
1 and 2 


tTLH 
Transition 
Time 
0.45 
1.45 
0.45 
1.40 
0.45 
1.40 
tTHL 
20% to 80%, 80% to 20% 
ns 


VEE 
0.1 ~F 
~~ 


I-I 
, 
PULSE II 


II 


I I 
'GENERATOR 
I I I 
1 


24 23 22 21 20 19 
-1 
18 - 


- 
2 
17- 
Ll 
- 3 
16 - 
I-I 
, 
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- 4 
15 - 
\ 
I 
, 
CHAN A 
- 5 
14 - 
1 
RT 
- 
8 
13- 
7 
8 
9 
10 11 12 
-= 
50 II 
I 
L I I 
L2 


,,"'f 


I~I 
I 
SCOPE I 
50 n 
"t 


\ 
I 
, 
CHAN B 


1°'l~F 
1 
RT 


-= 
-= 


Vcc 
TlIF/9867-6 


FIGURE 
1. AC Test 
Circuit 


Notes: 
Vcc, VeeA ~ 
+2V, 
VEE ~ 
-2.5V 
L1 and L2 = equal length son impedance 
lines 
RT = 50n terminator 
internal to scope 
Decoupling 0.1 f'F from GND to Vee and VEE 
All unused oulputs afe loaded wilh son 10 GNO 
CL = Fixture and stray capacitance 
;5; 3 pF 


Pin numbers shown are for f1atpak; for DIP see logic symbol 
• 


'"''"1r lr'"'''' 


INPUT 
j~ 
~~.205£.~o/,. 
+1.05V 


.••.----. 
+ 0.31 V 


tPHL 
r 


~National 
~ 
Semiconductor 


F100170 
Universal Demultiplexer/Decoder 


General Description 


The F100170 
universal 
demultiplexer/decoder 
functions 
as 


either 
a dual 1-of-4 decoder 
or as a single 
1-of-8 decoder, 
depending 
on the 
signal 
applied 
to the 
Mode 
Control 
(M) 


input. In the dual mode, each half has a pair of active-LOW 
Enable 
(E) inputs. 
Pin assignments 
for the E inputs are such 


that 
in the 1-of-8 
mode 
they can easily 
be tied together 
in 


pairs to provide 
two active-LOW 
enables 
(Ela to Elb. E2a to 


E2b). Signals 
applied 
to auxiliary 
inputs Ha• Hb and He deter- 
mine whether 
the outputs 
are active HIGH or active LOW. In 


the dual 
1-of-4 
mode 
the Address 
inputs 
are Aoa• Ala 
and 


AOb. Alb with A2a unused 
(Le.• left open. tied to VEE or with 


LOW signal applied). 
In the 1-of-8 mode. the Address 
inputs 


are Aoa• Ala. A2a with AOb and Alb 
LOW or open. All inputs 


have 50 kfi 
pulldown 
resistors. 


Refer to the F100370 
datasheet 
for: 


PCC packaging 
Lower power 
Military versions 
Extended 
voltage 
specs 
(-4.2V 
to -5.7V) 


Pin Names 
Description 


Ana. Anb 
Address 
Inputs 
Ena, Enb 
Enable Inputs 
M 
Mode Control Input 


Ha 
ZO-Z3 (Zoa-Z3a) 


Polarity Select Input 


Hb 
Z4-Z7 
(ZOb-Z3b) 


Polarity Select Input 


He 
Common 
Polarity 


Select Input 


ZO-Z7 
Single 1-of-8 
Data Outputs 


Zna. Znb 
DuaI1-of-4 
Data Outputs 


Connection 
Diagrams 


24·Pln DIP 
24·Pln Quad Cerpak 


H. 
E2• E2b vEE 
E'b 
E,. 
• 


A'b 
1 
2~ 
Aob 


Z3b(Z7) 
2 
23 
Hb 


ZOb(Z.) 
3 
22 
He 
He 
A2• 


Hb 
M 


Z2b(Z6) 
~ 
21 
H. 


Z'b(ZS) 
5 
20 
E2a 
AOb 
A,. 


Vce 
6 
19 
E2b 


A'b 
AO• 
Z3b 
Z,. 


VCCA 
7 
18 
VEE 
(Z7) 
(Z,) 


Z5o(Z3) 
8 
17 
E'b 
ZOb 
Z2. 


Zoo(ZO) 
9 
16 
[1. 


(Z.J 
(Z2) 


Z2.(Z2) 
10 
15 
A2• 
Z2b Z'b VceVCCAZ3• 
ZOo 


Z,.(Z,) 
11 
1~ 
M 
(Z6)(ZS) 
(Z3)(ZO) 


Ao. 
12 
13 
A,. 
TL/F/9868-2 


TL/F/9888-1 


Z,. 
z,. 
20. 
z,. 
z,. 
Z" 
Zoo 
z•• 
IZ,) 
(Z,) 
12<) 
(leI 
IZ3l 
(Zd 
(20) 
(Z,) 


TL/F/9868-6 


Note: (Zn) for 1-01-4 applications. 


Truth Tables 
Dual 1-01-4 Mode 
(M = A2a = He = LOW) 


Inputs 
Active 
HIGH Outputs 
Active 
LOW Outputs 


(Ha and Hb Inputs 
HIGH) 
(Ha and Hb Inputs 
LOW) 


Ela 
E2a 
Ala 
Aoa 
ZOa 
Zla 
Z2a 
Z3a 
ZOa 
Zla 
Z2a 
Z3a 


Elb 
E2b 
Alb 
AOb 
ZOb 
Zlb 
Z2b 
Z3b 
ZOb 
Zlb 
Z2b 
Z3b 


H 
X 
X 
X 
L 
L 
L 
L 
H 
H 
H 
H 


X 
H 
X 
X 
L 
L 
L 
L 
H 
H 
H 
H 


L 
L 
L 
L 
H 
L 
L 
L 
L 
H 
H 
H 


L 
L 
L 
H 
L 
H 
L 
L 
H 
L 
H 
H 
L 
L 
H 
L 
L 
L 
H 
L 
H 
H 
L 
H 
L 
L 
H 
H 
L 
L 
L 
H 
H 
H 
H 
L 


SIngle 
1-01-8 Mode 
(M = HIGH; AOb = Alb = Ha = Hb = LOW) 


Inputs 
Active 
HIGH Outputs' 


(He Input 
HIGH) 


El 
E2 
A2a 
Ala 
Aoa 
Zo 
Zl 
Z2 
Z3 
Z4 
Zs 
Z6 
Z7 


H 
X 
X 
X 
X 
L 
L 
L 
L 
L 
L 
L 
L 


X 
H 
X 
X 
X 
L 
L 
L 
L 
L 
L 
L 
L 


L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
L 
L 
L 
H 
L 
L 
L 
L 


L 
L 
H 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 


L 
L 
H 
L 
H 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
H 
H 
L 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
H 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
·for He = LOW, output states are complemented 
E1 = Ela and E1b wired; E2 = E22a and E2b wired 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
under Bias (Tcl 
O'Cto 
+85'C 


please 
contact 
the 
National 
Semiconductor 
Sales 
VEE Pin Potential 
to Ground 
Pin 
-7.0Vto 
+0.5V 
Office/Distributors 
for availability 
and specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 
Storage 
Temperature 
- 65'C to + 150'C 
Output Current 
(DC Output 
HIGH) 
-50 
mA 
Maximum 
Junction 
Temperature 
(TJ) 
+ 150'C 
Operating 
Range (Note 2) 
-5.7Vto 
-4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = VCCA = GND, Tc = O'C to + 85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
IJ-A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = VCCA = GND. Tc = O'C to + 85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
or VIL (Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
IJ-A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
Vcc = VCCA = GND, Tc = O'C to + 85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
IJ-A 
VIN = VIL (Min) 


Note 
1: Absolute 
maximum 
ratings are those values 
beyond which the device 
may be damaged 
or have its useful life impaired. 
Functional 
operation 
under these 
conditions 
is not implied. 


Note 2: Parametric values specified at -4.2V 
to -4.8V. 


Note 
3; The specified 
limits represent 
the "worst 
case" 
value for the parameter. 
Since these 
"worst 
case" 
values 
normally 
occur at the temperature 
extremes, 


additional 
noise immunity and guard banding 
can be achieved 
by decreasing 
the allowable 
system 
operating 
ranges. 


Note 
4: Conditions 
for testing shown in the tables 
are chosen 
to guarantee 
operation 
under "worst 
case" 
conditions. 
• 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V 
unless 
otherwise 
specified, 
Vee = VeeA = GND. Te = O'C to +85'C 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


IIH 
Input HIGH Current 


He. Aoa A1a, A2a 
310 
IJoA 
VIN = VIH (Max) 


All Others 
250 


lEE 
Power Supply Current 
-153 
-109 
-76 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -4.8V. 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 


Min 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.90 
2.30 
0.90 
2.20 
0.90 
2.30 
ns 


tpHL 
Ena• Enb to Output 


tpLH 
Propagation 
Delay 
1.00 
2.80 
1.00 
2.70 
1.00 
2.90 
ns 
tpHL 
Ana. Anb to Output 


tpLH 
Propagation 
Delay 
1.00 
3.00 
1.00 
2.90 
1.00 
3.00 
ns 
Figures 
1 and 2 
tpHL 
Ha, Hb' He to Output 


tpLH 
Propagation 
Delay 
1.50 
3.90 
1.60 
3.80 
1.60 
3.90 
ns 
tpHL 
MtoOutput 


tTLH 
Transition 
Time 
0.45 
1.70 
0.45 
1.70 
0.45 
1.80 


tTHL 
20% to 80%, 80% to 20% 
ns 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V. 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 


Min 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
0.90 
2.10 
0.90 
2.00 
0.90 
2.10 
ns 
tpHL 
Ena• Enb to Output 


tpLH 
Propagation 
Delay 
1.00 
2.60 
1.00 
2.50 
1.00 
2.70 
ns 
tPHL 
Ana, Anb to Output 


tpLH 
Propagation 
Delay 
1.00 
2.80 
1.00 
2.70 
1.00 
2.80 
ns 
Figures 
1 and 2 
tpHL 
Ha• Hb' He to Output 


tpLH 
Propagation 
Delay 
1.50 
3.70 
1.60 
3.60 
1.60 
3.70 
ns 
tpHL 
MtoOutput 


tTLH 
Transition 
Time 
0.45 
1.60 
0.45 
1.60 
0.45 


tTHL 
20% to 80%, 80% to 20% 
1.70 
ns 
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IGENERATORI 


0.11'F 
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500 
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L2 
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I 
-= 
1 RT 
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Notes: 
Vee, VeeA ~ 
+2V, 
VEE ~ 
-2.5V 
L1 and L2 = equal 
length son impedance 
lines 
RT = 50n 
terminator 
internal 
to scope 


Decoupling 
0.1 
j.LF from 
GNO 
to Vcc 
and 
VEE 
All unused 
outputs 
are loaded 
with 50n to GND 


CL = Fixture and stray capacitance 
s; 3 pF 


Pin 
numbers 
shown 
are 
for 
flatpak; 
for 
DIP 
see 
logic 
symbol 


07±0.1 nSl r lr07±01 ns 
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~ 
National 
~ 
Semiconductor 


F100171 
Triple 4-lnput Multiplexer with Enable 


General Description 


The 
F100171 
contains 
three 
4-input 
multiplexers 
which 
share a common 
decoder 
(inputs So and S1). Output 
buffer 
gates provide 
true and complement 
outputs. 
A HIGH on the 
Enable 
input (E) forces 
all true outputs 
LOW (see Truth Ta- 
ble). All inputs 
have 50 kO pull-down 
resistors. 


Refer to the F100371 
datasheet 
for: 


PCC packaging 
Lower 
power 
Military versions 
Extended 
voltage 
specs 
(-4.2V 
to -5.7V) 


Ordering Code: 
See Section 
8 


Logic Symbol 


lIe 
1 


12e 
2 


13e 
3 


Ze 
4 


Ze 
5 


Vcc 
6 


VCCA 
7 


Zb 
8 


Zb 
9 
Z. 
10 


Z. 
11 


10• 
12 


U 
10e 


23 
13b 


22 
12b 


21 
lIb 


20 
lOb 


19 
E 


18 
VEE 


17 
51 


16 
50 


15 
13• 


14 
12• 


13 
11. 


Pin Names 
Description 


10.-13x 
Date Inputs 


So,So 
Select 
Inputs 
E 
Enable 
Input (Active 
LOW) 
Za-Zc 
Data Outputs 
Za-Zc 
Complementary 
Data Outputs 


24-Pln Quad Cerpak 


lIb 
lOb 
E 
VEE 51 
50 


12b 
1 


13b 
2 


10e 
3 


lIe 
4 


12e 
5 


13e 
6 


Inputs 
Outputs 


E 
50 
51 
Zn 


L 
L 
L 
lOx 
L 
H 
L 
11x 
L 
L 
H 
12x 
L 
H 
H 
13x 


H 
X 
X 
L 


H - 
HIGH Voltage Level 


L ~ 
LOW Voltage Level 


X = Oon't Care 


• 


Absolute 
Maximum Ratings 


Above 
which 
the useful 
life may be impaired. 
(Note 
1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
under Bias (Tcl 
O·Cto 
+85·C 


please 
contact 
the 
National 
Semiconductor 
Sales 
VEE Pin Potential 
to Ground 
Pin 
-7.0Vto 
+0.5V 
Office/Distributors 
for 
availability 
and 
specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 
Storage 
Temperature 
- 65·C to + 150·C 
Output Current 
(DC Output 
HIGH) 
-50mA 
Maximum 
Junction 
Temperature 
(TJ) 
+150·C 
Operating 
Range (Note 2) 
-5.7Vto 
-4.2V 


DC Electrical 
Characteristics 


VEE = 
-4.5V, 
VCC = VCCA = GND, Tc = O·C to + 85·C (Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
OrVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 


for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 


for All Inputs 


IlL 
Input LOW Current 
0.50 
/-LA 
VIN = VIL (Min) 


DC Electrical 
Characteristics 


VEE = 
-4.2V, 
VCC = VCCA = GND, Tc = O·C to +85·C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
or VIL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 


for All Inputs 


IlL 
Input LOW Current 
0.50 
/-LA 
VIN = VIL IMin) 


DC Electrical 
Characteristics 


VEE = 
-4.8V, 
VCC = VCCA = GND, Tc = O·C to +85·C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = ViH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL 
(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 


for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
/-LA 
VIN = VIL (Min) 


Note 
1: Absolute 
maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional 
operation 
under these 


conditions 
is not implied. 


Note 2: Parametric values specified at -4.2V 
to -4.8V. 


Note 3: The specified 
limits represent 
the "worst 
case" value for the parameter. 
Since these "worst 
case" values normally occur at the temperature 
extremes, 


additional 
noise immunity and guard banding can be achieved by decreasing 
the allowable 
system operating 
ranges. 


Note 4: Conditions 
for testing shown in the tables are chosen to guarantee operation 
under "worst 
case" conditions. 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V 
unless otherwise 
specified, 
Vee = VeeA = GND, Te = O·C to +85·C 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


IIH 
Input HIGH Current 


IOx-13x 
340 
",A 
VIN = VIH (max) 
So,S1,E 
300 


lEE 
Power Supply Current 
-114 
-80 
-56 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc 
= O"C 
Tc = +2S·C 
Tc = +8S·C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tplH 
Propagation 
Delay 
0.45 
1.70 
0.45 
1.60 
0.50 
1.70 
ns 


tpHl 
IOx-13x to Output 


tplH 
Propagation 
Delay 
0.90 
2.40 
0.90 
2.60 
1.00 
3.00 
ns 


tpHl 
So, S1 to Output 
Figures 
1 and 2 
tplH 
Propagation 
Delay 
0.65 
2.40 
0.65 
2.30 
0.75 
2.40 
ns 


tpHl 
EtoOutput 


tTlH 
Transition 
Time 
0.45 
1.80 
0.45 
1.60 
0.45 
1.60 


tTHl 
20% to 80%, 
80% to 20% 
ns 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O·C 
Tc = +2S·C 
Tc = +8S·C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tplH 
Propagation 
Delay 
0.45 
1.50 
0.45 
1.40 
0.50 
1.50 
tpHl 
10.-13x to Output 
ns 


tplH 
Propagation 
Delay 
0.90 
2.20 
0.90 
2.40 
1.00 
2.80 
tpHl 
So, S1 to Output 
ns 


Figures 
1 and 2 
tplH 
Propagation 
Delay 
0.65 
2.20 
0.65 
2.10 
0.75 
2.20 


tPHl 
EtoOutput 
ns 


tTlH 
Transition 
Time 
0.45 
1.70 
0.45 


tTHl 
20% to 80%, 80% to 20% 
1.50 
0.45 
1.50 
ns 
• 
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Notes: 


Vee, VeeA ~ 
+2V, VEE ~ 
-2.5V 


L1 and L2 = equal length son impedance lines 


AT = son terminator 
internal to scope 


Decoupling 
0.1 f'F from GND to Vcc and VEE 


All unused outputs are loaded with son to GND 


CL = Fixture and stray capacitance 
s 3 pF 


Pin numbers 
shown are for flatpak; for DIP see logic symbol 


~National 
~ 
Semiconductor 


F100175 
Quint Latch 100K In/10K Out 


General Description 
The F100175 is a 5-bit latch with temperature and voltage 
compensated 100K compatible inputs and voltage compen- 
sated 10K compatible outputs. Each latch has one data in- 
put and one output. All five latches share a common clear 
input and two enable inputs. All inputs have 50 kn pull- 
down resistors. 


Ordering Code: See Section 8 


Logic Symbol 


Pin Names 
Description 


00-04 
100K Data Inputs 


E1' E2 
100K Enable Inputs 


C 
100K Common Clear Input 


00-04 
10K Data Outputs 


Features 
• 
Outputs specified to drive a 50n load 
• 
Available in 16-pin ceramic DIP 
• 
100K compatible inputs/10K compatible outputs 


Inputs 
Output 


On 
E1 
E2 
C 
On 


H 
L 
L 
X 
H 


L 
L 
L 
X 
L 


X 
H 
X 
L 
°n-1 


X 
X 
H 
L 
On-1 


X 
H 
X 
H 
L 


X 
X 
H 
H 
L 


H - 
HIGH Voltage Level 


L - 
LOW Voltage Level 


X = Don't Care 


On_' = Previous State 


Absolute Maximum Ratings 
Recommended 
Operating 
Above 
which 
the useful 
life may be impaired 
Conditions 
If 
Military/Aerospace 
specified 
devices 
are 
required, 
Mln 
Typ 
Max 


please 
contact 
the 
National 
Semiconductor 
Sales 
Supply Voltage 
(VEE) 
-5.72V 
-5.2V 
-4.68V 


Office/Distributors 
for availability 
and specifications. 
Ambient 
Temperature 
(TA) 
O·C 
+ 75·C 
Storage 
Temperature 
- 65·C to + 150·C 


Ambient 
Temperature 
Under Bias (TA) 
- 55·C to + 125·C 


Maximum 
Junction 
Temperature 
(TJ) 
+150·C 


Supply Voltage 
-8V 


Input Voltage 
(DC) 
-5.2Vto 
+OV 


Output 
Current 
(DC Output 
HIGH) 
-55mA 


Operating 
Range 
-5.72V 
to -4.68V 


Lead Temperature 
(Soldering, 
10 sec.) 
300·C 


DC Electrical Characteristics 
VEE = 
-5.2V, 
Vee = VeeA = GND, TA = O·C to + 75·C (Notes 
1, 2) 


Symbol 
Parameter 
Temp 
Mln 
Typ 
Max 
Units 
Conditions 


VOH 
Output 
HIGH Voltage 
TA = O·C 
-1000 
-840 
mV 
VIN = VIH (Max) 


TA = +25·C 
-960 
-810 
mV 
orVIL(Min) 


TA = +75·C 
-900 
-720 
mV 


VOL 
Output 
LOW Voltage 
TA = O·C 
-1870 
-1665 
mV 
VIN = VIH (Max) 


TA = +25·C 
-1850 
-1650 
mV 
orVIL(Min) 


TA = +75·C 
-1830 
-1625 
mV 
Loading 
with 


VOHC 
Output 
HIGH Voltage 
TA = O·C 
-1020 
mV 
VIN = VIH (Min) 
50n 
to -2.0V 


TA = +25·C 
-980 
mV 
orVIL(Max) 


TA = +75·C 
-920 
mV 


VOLC 
Output 
LOW Voltage 
TA = O·C 
-1645 
mV 
VIN = ViH (Min) 


TA = +25·C 
-1630 
mV 
or VIL (Max) 


TA = +75·C 
-1605 
mV 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal for All Inputs 


IIH 
Input HIGH Current 
290 
VIN = VIH (Max) 


IlL 
Input LOW Current 
0.50 
IJ.A 
VIN = VIL (Min) 


lEE 
VEE Supply Current 
-125 
-90 
-50 
mA 
Inputs Open 


Note 
1: The specified 
limits represent 
the "worst case" 
value for the parameter. 
Since these 
"worst case" 
values normally occur at the temperature 
extremes, 
additional 
noise immunity and guard banding can be achieved by decreasing 
the allowable 
system operating 
ranges. 


Note 
2: The specified limits shown in the DC Characteristics 
can be met only after thermal equilibrium has been established. 
Thermal 
equilibrium is established 
by 


applying power for at least 2 minutes while maintaining transverse 
air flow of 2.5 meters/s 
(500 linear feet/min) 
over the device either mounted 
in the test socket or 
on the printed circuit board. Test voltage values are given in the DC Operating 
Conditions 
and defined in Figure 4. 


DC Electrical Characteristics 
VEE = -4.68V, 
VCC = VCCA = GND, TA = O'G to + 75'G 
(Notes 
1, 2) 


Symbol 
Parameter 
Temp 
Mln 
Typ 
Max 
Units 
Conditions 


VOH 
Output 
HIGH Voltage 
TA = O'G 
-1000 
-840 
mV 
VIN = VIH (Max) 


TA = +25'G 
-960 
-810 
mV 
orVIL(Min) 


TA = +75'G 
-900 
-720 
mV 


VOL 
Output 
LOW Voltage 
TA = O'G 
-1870 
-1665 
mV 
VIN = VIH (Max) 


TA = +25'G 
-1850 
-1650 
mV 
orVIL(Min) 


TA = +75'C 
-1830 
-1625 
mV 
Loading 
with 


VOHC 
Output 
HIGH Voltage 
TA = O'G 
-1020 
mV 
VIN = VIH (Min) 
son to -2.0V 


TA = +25'C 
-980 
mV 
or VIL (Max) 


TA = +75'C 
-920 
mV 


VOLC 
Output 
LOW Voltage 
TA = O'C 
-1645 
mV 
VIN = VIH (Min) 


TA = + 25'G 
-1630 
mV 
or VIL (Max) 


TA = + 75'G 
-1605 
mV 


VIH 
Input HIGH Voltage 
-1150 
-880 
mV 
Guaranteed 
HIGH Signal for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal for All Inputs 


IIH 
Input HIGH Current 
290 
VIN = VIH (Max) 


IlL 
Input LOW Current 
0.50 
/LA 
VIN = VIL (Min) 


lEE 
VEE Supply Current 
-125 
-90 
-50 
mA 
Inputs Open 


Note 
1: The specified 
limits represent 
the "worst case" 
value for the parameter. 
Since these "worst case" 
values 
normally occur at the temperature 
extremes, 


additional 
noise immunity and guard banding can be achieved 
by decreasing 
the allowable 
system operating 
ranges. 


Note 2: The specified limits shown in the DC Characteristics 
can be met only after thermal equilibrium has been established. 
Thermal 
equilibrium is established 
by 
applying power for at least 2 minutes while maintaining transverse 
air flow of 2.5 meters/s 
(500 tinear leetlmin) 
ovef the device either mounted in the test socket or 
on the printed circuit board. Test voltage values are given in the DC Operating 
Conditions 
and defined in Figure 4. 


DC Electrical Characteristics 
VEE = 
-S.72V, 
VCC = VCCA = GND, TA = O·C to +7S·C 
(Notes 
1, 2) 


Symbol 
Parameter 
Temp 
Mln 
Typ 
Max 
Units 
Conditions 


VOH 
Output 
HIGH Voltage 
TA = O·C 
-1000 
-840 
mV 
VIN = VIH (Max) 


TA = +2S·C 
-960 
-810 
mV 
orVIL(Min) 


TA = +7S·C 
-900 
-720 
mV 


VOL 
Output 
LOW Voltage 
TA = O·C 
-1870 
-166S 
mV 
VIN = VIH (Max) 


TA = +25·C 
-1850 
-1650 
mV 
OrVIL(Min) 


TA = +75·C 
-1630 
-1625 
mV 
Loading 
with 


VOHC 
Output 
HIGH Voltage 
TA = O·C 
-1020 
mV 
VIN = VIH (Min) 
50n 
to -2.0V 


TA = +25·C 
-960 
mV 
orVIL 
(Max) 


TA = +75·C 
-920 
mV 


VOLC 
Output 
LOW Voltage 
TA = O·C 
-1645 
mV 
VIN = VIH (Min) 


TA = +25·C 
-1630 
mV 
orVIL 
(Max) 


TA = +75·C 
-1605 
mV 


VIH 
Input HIGH Voltage 
-1165 
-660 
mV 
Guaranteed 
HIGH Signal for All Inputs 


VIL 
Input LOW Voltage 
-1610 
-1490 
mV 
Guaranteed 
LOW Signal for All Inputs 


IIH 
Input HIGH Current 
290 
VIN = VIH (Max) 


IlL 
Input LOW Current 
0.50 
/LA 
VIN = VIL (MinI 


lEE 
VEE Supply Current 
-125 
-90 
-50 
mA 
Inputs Open 


Note 1: The specified 
limits represent 
the "worst 
case" value for the parameter. 
Since these "worst 
case" values normally occur at the temperature 
extremes. 


addrtional noise immunity and guard banding can be achieved by decreasing 
the allowable system operating 
ranges. 


Note 2: The specified limits shown in the DC Characteristics 
can be met only after thermal equilibrium has been established. 
Thermal equilibrium is established 
by 
applying power for at least 2 minutes while maintaining transverse 
air flow of 2.5 meters/s 
(500 linear leetlmin) 
over the device either mounted in the test socket or 
on the printed circuit board. Test voltage values are given in the DC Operating Conditions 
and defined in Figure 4. 


AC Electrical Characteristics 
VEE = 
-5.2V 
± 10%, VCC = VCCA = GND 


Symbol 
Parameter 
TA = O·C 
TA = +2S·C 
TA = +7S·C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tpDLH 
Propagation 
Delay 
1.10 
2.60 
1.10 
2.75 
1.10 
3.00 
ns 
Figures 
1 &2 
tpDHL 
Data to Output 


tpDLH 
Propagation 
Delay 


1.20 
3.40 
1.20 
3.50 
1.20 
3.75 
ns 
Figures 
1 &3 
tpDHL 
Enable to Output 


tpDHL 
Propagation 
Delay 
1.30 
3.20 
1.30 
3.20 
1.30 
3.20 
ns 
Figures 
1, 3 & 4 
Clear to Output 


ts 
Setup Time Do-D4 
2.50 
2.50 
2.50 
ns 
Figures 
1 &5 
tH 
Hold Time Do-D4 
0.50 
0.50 
0.50 
ns 


tTLH 
Transition 
Time 
1.10 
3.25 
1.20 
3.25 
1.20 
3.50 
Figures 
1, 2, 3 & 4 
tTHL 
20% to 80%, 
60% to 20% 
ns 


Notes: 


Vee. VeeA 
~ 
+2V. VEE ~ 
-3.2V 
L1 and L2 = equal length 50n impedance 
lines 
RT = son terminator 
internal to scope 
Decoupling 
0.1 p.f from GND to Vcc and VEE 
All unused outputs are loaded with 50n to GND 
Cl = Fixture and stray capacitance 
::;;3 pF 
t~-~-~- '-J-=+1.05V 


Qn_","~L 
J ~,~ 


I 


20%I 
+0.31V 


r- - - - - - - - - - - +1.05V 


___ 
// 
~ 
/__ 
IPDHL 


I 


I 
200/0 


l..-tTHL 


____ 
_ 
+1.05V 


\ 
/080%J 


•• 
-'.__ ~O~. 
~ 
~ ~'~S 
n 
00.31V 


~-------------------------------+1.05V 


on-------.,/ 
------------------- n 
n 
••• 
'" 


C 


0.7~0.1 
ns [ 
Qn_/ 


/-- 
----- 
-------- 
-- 
-·,.05V 
/J 0.7±O.lna 
------------, 
\ 
80% 


O.HO.l n1e 
\,50% 


20% 
20% 
., 
I 


IH 


IS 


20% 
_________ 
01. 
- 
-- 
- 
- 
__ 
- __ 
+O.31V 


~Nat1onal 
~ 
Semiconductor 


F100179 
Carry Lookahead Generator 


General Description 


The 
F1 00179 
is a high-speed 
Carry 
Lookahead 
Generator 


intended 
for use with the F100180 
6-bit fast Adder 
and the 
F100181 
4-bit ALU. 
All inputs 
have 
50 kO pulldown 
resis- 


tors. 


Ordering Code: 
See Section 
8 


Logic Symbol 


P1 
1 


G2 
2 


P2 
3 


Cn+2 
4 


Cn+4 
5 


Vcc 
6 


VCCA 
7 


Cn+6 
8 


Cn+8 
9 


G3 
10 


P3 
11 


G4 
12 


Pin Names 
Description 


Cn 
Carry Input (Active 
LOW) 
150-157 
Carry Propogate 
Inputs (Active 
LOW) 


GO-G7 
Carry Generate 
Inputs (Active 
LOW) 


Cn + 2, Cn + 4 
Carry Outputs 
Cn + 6, Cn + 8 


24·Pln 
Quad Cerpak 


P7 
~ 
Cn VEE P6 
G6 


Go 


Po 
2 


G1 
3 
Pt 
4 


G2 
5 


P2 
6 


Cn+2 
Vcc 
Cn+6 


Cn+4 
VCCA 
Cn+8 
• 


Inputs 
Output 


Cn 
Go 
Po 
G1 
P1 
Cn + 2 


X 
X 
X 
L 
X 
L 


X 
L 
X 
X 
L 
L 


L 
X 
L 
X 
L 
L 


All other combinations 
H 


Inputs 
Output 


Cn 
Go 
Po 
G1 
P1 
G2 
P2 
G3 
P3 
Cn + 4 


X 
X 
X 
X 
X 
X 
X 
L 
X 
L 


X 
X 
X 
X 
X 
L 
X 
X 
L 
L 


X 
X 
X 
L 
X 
X 
L 
X 
L 
L 


X 
L 
X 
X 
L 
X 
L 
X 
L 
L 


L 
X 
L 
X 
L 
X 
L 
X 
L 
L 


All other combinations 
H 


H ~ HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = Don't Care 
Cn+4 
~ G3' 
(P3 + (2) • (P3 + P2 + G,) • (P3 + P2 + P, + Go) 


• (P3 + P2 + P, + Po + Cn) 


Truth Tables 
(Continued) 


Cn+& Output 


Inputs 
Output 


Cn 
Go 
Po 
Gl 
Pl 
G2 
G2 
G3 
P3 
G4 
P4 
GS 
Ps 
Cn+& 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
L 
X 
L 


X 
X 
X 
X 
X 
X 
X 
X 
X 
L 
X 
X 
L 
L 


X 
X 
X 
X 
X 
X 
X 
L 
X 
X 
L 
X 
L 
L 


X 
X 
X 
X 
X 
L 
X 
X 
L 
X 
L 
X 
L 
L 


X 
X 
X 
L 
X 
X 
L 
X 
L 
X 
L 
X 
L 
L 


X 
L 
X 
X 
L 
X 
L 
X 
L 
X 
L 
X 
L 
L 


L 
X 
L 
X 
L 
X 
L 
X 
L 
X 
L 
X 
L 
L 


All other combinations 
H 


Cn+6 = Gs· 
(1'5 + G.) • (Ps + p. + (3) • (1'5 + 1'. + 1'3 + G21 


• (1'5 + 1'. + 153+ 1'2 + G,) • (1'5 + 1'. + 1'3 + 1'2 + 1', + Go) 
• (1'5 + 1'. + 1'3 + 1'2 + 1', + ]50 + Cn> 


Cn+& Output 


Inputs 
Output 


Cn 
Go 
Po 
Gl 
Pl 
G2 
P2 
G3 
P3 
G4 
P4 
Gs 
Ps 
G& 
P& 
G7 
P7 
Cn+& 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
L 
X 
L 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
L 
X 
X 
L 
L 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
L 
X 
X 
L 
X 
L 
L 


X 
X 
X 
X 
X 
X 
X 
X 
X 
L 
X 
X 
L 
X 
L 
X 
L 
L 


X 
X 
X 
X 
X 
X 
X 
L 
X 
X 
L 
X 
L 
X 
L 
X 
L 
L 


X 
X 
X 
X 
X 
L 
X 
X 
L 
X 
L 
X 
L 
X 
L 
X 
L 
L 
X 
X 
X 
L 
X 
X 
L 
X 
L 
X 
L 
X 
L 
X 
L 
X 
L 
L 


X 
L 
X 
X 
L 
X 
L 
X 
L 
X 
L 
X 
L 
X 
L 
X 
L 
L 


L 
X 
L 
X 
L 
X 
L 
X 
L 
X 
L 
X 
L 
X 
L 
X 
L 
L 


All other combinations 
H 


Cn+6 = G7 • (J57+ G6) • (1'7 + 1'6 + Gs) • (]57+ 1'6 + 1'5 + G.) 


.~+~+~+~+~.~+~+~+~+~+~ 
• (P7 + 1'6 + 155+ 1'. + ]53 + 152+ G,) 
• (1'7 + 1'6 + 1'5 + 1'. + 1'3 + 152+ 15, + Go) 
.~+~+~+~+~+~+~+~+~ 


H - 
HIGH Voltage Level 


L = LOW Voltage Level 
X - 
Don't Cere 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 


If Military/Aerospace specified devices are required, 
please 
contact 
the 
National 
Semiconductor 
Sales 


Office/Distributors for availability and specifications. 


Storage 
Temperature 
- 65·C to + 150·C 


Maximum 
Junction 
Temperature 
(TJ) 
+ 150·C 


Case Temperature 
under Bias (Tcl 


VEE Pin Potential 
to Ground 
Pin 


Input Voltage 
(DC) 


Output Current 
(DC Output 
HIGH) 


Operating 
Range (Note 2) 


O·Cto 
+ 85·C 


-7.0Vto 
+0.5V 


VEEto 
+0.5V 


-50mA 


-5.7Vto 
-4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = VCCA = GND, Tc = O·C to +85·C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions (Note 4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
orVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mv 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 


for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
IJoA 
. VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = VCCA = GND, Tc = O·C to +85·C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions (Note 4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage' 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
or VIL (Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 


for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
IJoA 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = VCCA = GND, Tc = O·C to +85·C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions (Note 4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL 
(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
IJoA 
VIN = VIL (Min) 


Note 
1: Absolute 
maximum 
ratings Bfe those values beyond which the device may be damaged 
or have its useful life impaired. 
Functional 
operation 
under these 
conditions 
is not implied. 


Note 2: Parametric values specified at -4.2V 
to -4.8V. 


Note 
3: The 
speci1ied limits represent 
the "worst 
case" 
value 10r the parameter. 
Since these 
"worst 
case" 
values 
normally 
occur at the temperature 
extremes, 
additional 
noise immunity and guard banding can be achieved 
by decreasing 
the allowable 
system operating 
ranges. 


Note 
4: Conditions 
for testing shown in the tables are chosen 
to guarantee 
operation 
under "worst case" 
conditions. 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V 
unless 
otherwise 
specified, 
Vcc = VCCA = GND, Tc = O'C to +85'C 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


IIH 
Input HIGH Current 


CN,GO-G7 
250 
I-'A 
VIN = VIH (Max) 
1'0-1'7 
340 


lEE 
Power Supply Current 
-220 
-150 
-100 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -4.8V, 
VCC = VCCA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25' 
Tc = +85'C 
Units 
Conditions 
Min 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
1.10 
2.90 
1.10 
2.90 
1.10 
3.00 
ns 


tpHL 
Cn, Go-G7, 
1'0-1'7 to Cn + x 
Figures 
1 and 2 


tTLH 
Transition 
Time 
0.45 
1.80 
0.45 
1.80 
0.45 
1.80 
ns 


tTHL 
20% to 80%, 80% to 20% 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V, 
VCC = VCCA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25' 
Tc = +85'C 
Units 
Conditions 
Min 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
1.10 
2.70 
1.10 
2.70 
1.10 
2.80 
ns 


tpHL 
Cn, Go-G7, 
1'0-1'7 to Cn+x 
Figures 
1 and 2 
tTLH 
Transition 
Time 
0.45 
1.70 
0.45 
1.70 
0.45 
1.70 


tTHL 
20% to 80%, 
80% to 20% 
ns 


• 


.::'.,M\[ 
~:'., 
M 


"',j r 'j r;"'. 


80% 


tTHlJ 
~ 


Notea: 


Vcc, VCCA - 
+2V, VEE - 
- 2.5V 


L 1 and L2 - 
equal length son impedance 
lines 
Rr = son terminator 
internal 
to scope 
Decoupling 
0.1 f'F from GND to Vcc and VEE 


All unused outputs are loaded with SOn to GND 
Cl = Fixture and stray capacitance 
,; 3 pF 


Pin numbers 
shown are for flatpak; 
for DIP see logic symbol 


P2 02 
Cn+2 


F100179 


• 


~National 
~ 
Semiconductor 


F100180 
High-Speed 6-Bit Adder 


General Description 
The Fl00180 is a high-speed 6-bit adder capable of per- 
forming a full 6-bit addition of two operands. Inputs for the 
adder are active-LOW Carry, Operand A, and Operand 8; 
outputs are Function, active-LOW Carry Generate, and ac- 


tive-LOW Carry Propagate. When used with the Fl00179 
Full Carry Lookahead as a second order lookahead block, 
the Fl00180 
provides high-speed addition of very long 
words. All inputs have 50 kO pUll-downresistors. 


Pin Names 
Description 


Ao-As 
Operand A Inputs 
80-8s 
Operand 8 Inputs 
en 
Carry Input (Active LOW) 
G 
Carry Generate Output (Active LOW) 


j5 
Carry Propagate Output (Active LOW) 


Fo-Fs 
Function Outputs 


24-Pln Quad Cerpak 


"2 82 Cn V[r "3 83 


81 
1 


"1 
2 
80 
3 


"0 
4 


Fo 
5 


F1 
6 


Logic Equations 


Pj = Aj EllBj 


Gj = AjBj 
i = 0, 1, 2, 3, 4, 5 


Fo = Po EllCn 
F1 = P1 Ell(Go + PoCn) 


F2 = P2 Ell(G1 + P1GO + P1PoCn) 


F3 = P3 Ell(G2 + P2G1 + P2P1GO + P2P1POCn) 


F4 = P4 Ell(G3 + P3G2 + P3P2G1 + P3P2P1GO + P3P2P1POCn) 


Fs = Ps Ell(G4 + P4G3 + P4P3G2 + P4P3P2G, 
+ P4P3P2P1GO + P4P3P2P1POCn) 
p = POP1P2P3P4PS 
G = Gs + PSG4 + PSP4G3 + PSP4G3G2 + PSP4P3P2G1 + PSP4P3P2P1GO 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 
. 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
under Bias (Tcl 
O°Cto 
+ 85°C 


please 
contact 
the 
'lational 
Semiconductor 
Sales 
VEE Pin Potential 
to Ground 
Pin 
-7.0Vto 
+0.5V 
Office/Distributors 
for availability 
and specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 
Storage 
Temperature 
- 65°C to + 150°C 
Output Current 
(DC Output 
HIGH) 
-50mA 
Maximum 
Junction 
Temperature 
(TJ) 
+ 150°C 
Operating 
Range (Note 2) 
-5.7Vto 
-4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = VCCA = GND, Tc = O°C to +85°C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 


for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
IJ-A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = VCCA = GND, Tc = O°C to + 85°C (Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
or VIL (Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 


for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 


for All Inputs 


IlL 
Input LOW Current 
0.50 
IJ-A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = VCCA = GND, Tc = O°C to +85°C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
OrVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 


for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 


for All Inputs 


IlL 
Input LOW Current 
0.50 
IJ-A 
VIN = VIL (Min) 


Note 
1: Absolute 
maximum 
ratings are those values 
beyond which the device 
may be damaged 
or have its useful life impaired. 
Functional 
operation 
under these 
conditions 
is not implied. 


Note 2: Parametric values specified at -4.2V 
to -4.8V. 


Note 
3: The specified 
limits represent 
the "worst 
case" "alue for the parameter. 
Since 
these 
"worst 
case" 
values 
normally 
occur at the temperature 
extremes, 


additional 
noise immunity and guard banding 
can be achieved 
by decreasing 
the allowable 
system operating 
ranges. 


Note 
4: Conditions 
for testing shown in the tables are chosen 
to guarantee 
operation 
under "worst 
case" 
conditions. 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V 
unless 
otherwise 
specified. 
Vee = VeeA = GND, Te = O·C to +85·C 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


IIH 
Input HIGH Current 
220 
IJoA 
VIN = VIH (Max) 
All Inputs 


lEE 
Power Supply Current 
-290 
-195 
-135 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = -4.2V 
to -4.8V. 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O·C 
Tc = +25·C 
Tc = +85·C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
1.10 
4.70 
1.10 
4.60 
1.10 
4.70 
ns 


tpHL 
An, Bn to Fn 


tpLH 
Propagation 
Delay 
1.00 
3.00 
1.00 
3.00 
1.00 
3.30 
ns 


tpHL 
An. Bn to P 


tpLH 
Propagation 
Delay 
1.40 
3.90 
1.40 
3.80 
1.40 
3.90 
ns 
Figures 
1 and 2 
tpHL 
An. BntoG 


tpLH 
Propagation 
Delay 
1.10 
4.00 
1.10 
3.90 
1.10 
4.00 
ns 


tpHL 
Cn to Fn 


tTLH 
Transition 
Time 
0.45 
2.40 
0.45 
2.30 
0.45 
2.40 


tTHL 
20% to 80%. 
80% to 20% 
ns 
. 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V. 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O·C 
Tc = +25·C 
Tc = +85·C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
1.10 
4.50 
1.10 
4.40 
1.10 
4.50 
tpHL 
An. Bn to Fn 
ns 


tpLH 
Propagation 
Delay 
1.00 
2.80 
1.00 
2.80 
1.00 
3.10 
tpHL 
An. Bn to P 
ns 


tpLH 
Propagation 
Delay 
1.40 
3.70 
1.40 
3.60 
1.40 
3.70 
Figures 
1 and 2 
tpHL 
An, BntoG 
ns 


tpLH 
Propagation 
Delay 
1.10 
3.80 
1.10 
3.70 
1.10 
3.80 


tPHL 
Cn to Fn 
ns 


tTLH 
Transition 
Time 
0.45 


tTHL 
20% to 80%. 
80% to 20% 
2.30 
0.45 
2.20 
0.45 
2.30 
ns 
• 


r, 
,. 
, I 


~ 


1S 


14 
L2,-, 


L1 
, I 
-, 
1 
RT 
1 
RT 


":" 


'"~:''''"'~II'-ll~""'"':::: 


tPHL-" 
1_ 
l..-tPlH 
NON·INVERTING 


,J ~-I 


INVERTING 
L J 
'TLH_I 


Notes: 


Vee. VeeA ~ 
+2V. 
VEE ~ 
-2.5V 


l1 and L2 = equal length son impedance lines 


AT = son terminator 
internal 
to scope 


Decoupling 
0.1 ILF from GNO 
to Vcc 
and VEE 


All unused 
outputs are loaded 
with son to GND 


CL = Fixture and stray capacitance 
:s;:3 pF 


Pin numbers 
shown are for f1atpak; for DIP see logic symbol 


~National 
~ 
Semiconductor 


F100181 
4·Bit Binary fBCD Arithmetic Logic Unit 


General Description 


The 
Fl00181 
performs 
eight 
logic 
operations 
and 
eight 


arithmetic 
operations 
on a pair of 4-bit words. 
The operating 


mode 
is determined 
by signals 
applied 
to the 
Select 
(Sn) 


inputs, 
as shown 
in the Function 
Select 
table. 
In addition 
to 


performing 
binary arithmetic, 
the circuit 
contains 
the neces- 


sary correction 
logic to perform 
BCD addition 
and subtrac- 


tion. Output 
latches 
are provided 
to reduce 
overall 
package 


count 
and 
increase 
system 
operating 
speed. 
When 
the 


latches 
are not required, 
leaving 
the Enable 
(E) input 
LOW 


makes 
the latches 
transparent. 


The circuit 
uses internal 
lookahead 
carry to minimize 
delay 


to 
the 
Fn outputs 
and 
to the 
ripple 
Carry 
output, 
Cn + 4. 


Group 
Carry 
Lookahead 
Propagate 
(P) and 
Generate 
(G) 


outputs 
are also 
provided, 
which 
are 
independent 
of the 


Carry input Cn' The P output 
goes LOW when a plus opera- 


tion produces 
fifteen 
(nine for BCD) or when a minus opera- 


tion produces 
zero. Similarly, G goes LOW when the sum of 


A and 
B is greater 
than 
fifteen 
(nine 
for 
BCD) 
in a plus 


mode, 
or when 
their 
difference 
is greater 
than 
zero 
in a 


minus mode. All inputs 
have 50 kfl 
pull-down 
resistors. 


Ordering Code: 
See Section 
8 


Logic Symbol 


Connection 
Diagrams 


24·Pin 
DIP 


1.0 
1 
24 
Al 


ro 
2 
23 
A2 


rl 
3 
22 
A3 


r2 
4 
21 
53 


r3 
5 
20 
52 


Vcr; 
6 
19 
(' 


V<X;A 
7 
18 
VEE 


en+" 
8 
17 
51 
P 
9 
16 
50 


G 
10 
15 
B3 


Cn 
11 
14 
B2 


BO 
12 
13 
B, 


TL/F/9873-1 


Pin Names 
Description 


Ao-A3 
Word A Operand 
Inputs 


Bo-B3 
Word B Operand 
Inputs 


Cn 
Carry Input (Active 
LOW) 


SO-53 
Function 
Select 
Inputs 


E 
Latch Enable 
Input (Active 
LOW) 


P 
Carry Lookahead 
Propagate 
Output 


(Active 
LOW) 


G 
Carry Lookahead 
Generate 
Output 


(Active 
LOW) 


Cn+4 
Carry Output 


Fo-F3 
Function 
Outputs 


24-Pin 
Quad 
Cerpak 


53 
52 
(' 
VEE 51 
50 
• 


-- 
coo 
Logic Diagram 
o-- 


83 = LOW for Arithmetic 
mode 


83 = HIGH for Logic mode 


The arithmetic 
mode includes 
decimal 
and binary arithmetic 
operations. 
82 is the control 
input 
with 83 = LOW, 


82 = LOW for Decimal 
Arithmetic 
(BCD) 


82 = HIGH for Binary Arithmetic 


DECIMAL 
ARITHMETIC 
OPERATION 


Addition 


F = A plus B plus Cn. Arguments 
A and B are directly 
ap- 
plied 
to the 
inputs. 
The 
circuit 
automatically 
performs 
the 


"+6" 
and "-6" 
logic correction 
internally. 


Subtraction 


F = A minus 
B plus Cn' Arguments 
A and 
B are directly 
applied 
to the 
inputs. 
The 
circuit 
automatically 
takes 
the 
nines 
complement 
of B and 
adds "+6". 
A "-6" 
adjust- 
ment is made if the subtraction 
algorithm 
calls for it. If there 
is a carry out, the result is a positive 
number. 
With no carry 
out, the result 
is a negative 
number 
expressed 
in its nines 
complement 
form. 
Therefore, 
to perform 
a subtraction 
with 


S3 
S2 
S1 
So 
Fn 
Function 


L 
L 
L 
L 
Fn = A plus B plus Cn (BCD) 
L 
L 
L 
H 
Fn = A minus B plus Cn (BCD) 
L 
L 
H 
L 
Fn = B minus A plus Cn (BCD) 
L 
L 
H 
H 
Fn = 0 minus B plus Cn (BCD) 


L 
H 
L 
L 
Fn = A plus B plus Cn (Binary) 
L 
H 
L 
H 
Fn = A minus B plus Cn (Binary) 
L 
H 
H 
L 
Fn = B minus A plus Cn (Binary) 
L 
H 
H 
H 
Fn = 0 minus B plus Cn (Binary) 


H 
L 
L 
L 
Fn = AnBn + AnBn 
H 
L 
L 
H 
Fn = AnSn + AnBn 
H 
L 
H 
L 
Fn = An + Bn 
H 
L 
H 
H 
Fn = An 


H 
H 
L 
L 
Fn = Bn 
H 
H 
L 
H 
Fn = Bn 
H 
H 
H 
L 
Fn = AnBn 
H 
H 
H 
H 
Fn = LOW 


H ~ 
HIGH Voltage Level 


L ~ 
LOW Voltage Level 


P = Po + P1 + P2 + P3 
G = G3 + P3G2 + P3P2G1 + P3P2P1GO 
Cn+4 = Ge(p 
+ Cn) 


Arithmetic 
Operations 


Fn = Gn + Pn 
Ell C, 
i = 0 to 3 


Logic Operations 


Fn = Gn + Pn 


(tens complement 
of B) = (nines complement 
of B) + 1 


F = B minus A plus Cn. Operation 
is similar to and results 
are the same as F = A minus 
B plus Cn. 


BINARY 
ARITHMETIC 
OPERATION 


Addition 


F = A minus 
B plus Cn. Arguments 
A and 
B are directly 
applied 
to the inputs. 


Subtraction 


F = A minus 
B plus Cn. Arguments 
A and 
B are directly 
applied 
to the 
inputs. 
The 
circuit 
automatically 
takes 
the 
ones complement 
of B (by inverting 
B internally). 
If there is a 
carry out the result is a positive 
number. 
With no carry out, 
the result 
is a negative 
number 
expressed 
in its ones com- 
plement 
form. 
Therefore, 
to perform 
a subtraction 
with 
reo 
suits 
in the twos 
complement 
form, 
an initial 
carry 
should 
forced 
into the lowest 
order bit, Le., set Cn = LOW. 


(twos complement 
of B) = (ones complement 
of B) + 1 


F = B minus A plus Cn. Operation 
is similar and results 
are 
the same as F = A minus 
B plus Cn. 


Gn 
Pn 
Outputs 
(n = 0 to 3) 
(n = 0 to 3) 


Internal 
Signals 
Cn+4 
G 
P 


AnOn 
An + On 
Cn+4 
G 
P 
AnSn 
An + Sn 
Cn+4 
G 
P 
AnBn 
An + Bn 
Cn+4 
G 
P 
L 
Sn 
Cn+4 
H 
P 


AnBn 
An + Bn 
Cn+4 
G 
P 
AnSn 
An + Sn 
Cn+4 
G 
P 
AnBn 
An + Bn 
Cn+4 
G 
P 
L 
Sn 
Cn+4 
H 
P 


AnBn 
An + Bn 
Cn+4 
G 
P 
AnSn 
An + Sn 
Cn+4 
G 
P 
An 
Sn 
Cn+4 
Gx 
P 
An 
H 
Cn+4 
G 
L 


L 
Bn 
Cn+4 
H 
P 
L 
Sn 
Cn+4 
H 
P 
L 
An + Sn 
Cn+4 
H 
P 
L 
H 
Cn 
H 
L • 


Internal 
Equations 
for Carry Lookahead 


(i = 0,1,2,3) 


Co = Cn + 83 


C1 = Go + PoCn + 83 


C2 = G1 + P1GO + P1POCn + 83 


C3 = G2 + P2G1 + P2P1GO + P2P1POCn + 83 


Internal 
Equations 
for + 6 Logic 


Do = Bo 
D1=81 


02 = B1B2 + 131132 


03 = B1 + B2 + B3 
Gx = G3P3 + P3G2 + P3P2G1 + P3P2P1GO 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
under Bias (Td 
O'Cto 
+ 85'C 
please 
contact 
the 
National 
Semiconductor 
Sales 
VEE Pin Potential 
to Ground 
Pin 
-7.0Vto 
+0.5V 
Office/Distributors 
for availability 
and specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 
Storage 
Temperature 
- 65'C to + 150'C 
Output Current 
(DC Output 
HIGH) 
-50mA 
Maximum 
Junction 
Temperature 
(TJ) 
+ 150'C 
Operating 
Range (Note 2) 
-5.7V 
to -4.2V 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = 
VCCA = 
GND, Tc 
= 
O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN =VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
IJ-A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.2V, 
VCC = 
VCCA = 
GND, Tc 
= 
O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
or VIL (Max) 
50n 
to -2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
IJ-A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = 
VCCA = 
GND, Tc 
= 
O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Yoltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
IJ-A 
VIN = VIL (Min) 


Note 
1: Absolute 
maximum 
ratings afe those values beyond 
which the device 
may be damaged 
or have its useful life impaired. 
Functional 
operation 
under these 


conditions 
is not implied. 


Note 2: Parametric values specified at -4.2V 
to -4.8V. 


Note 
3: The speci1ied limits represent 
the "worst 
case" 
value for the parameter. 
Since 
these 
"worst 
case" 
values 
normally 
occur at the temperature 
extremes, 
additional 
noise immunity and guard banding 
can be achieved 
by decreasing 
the allowable 
system 
operating 
ranges. 


Note 
4: Conditions 
for testing shown in the tables are chosen 
to guarantee 
operation 
under "worst 
case" 
conditions. 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V 
unless 
otherwise 
specified. 
Vee = VeeA = GND. Te = O'C to +85'C 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


IIH 


Input HIGH Current 


Sn. E 
350 
J.LA 
VIN = VIH (Max) 
All Others 
250 


lEE 
Power Supply Current 
-300 
-210 
-130 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = O'C 
Tc = +25'C 
Tc = +85'C 
Units 
Conditions 


Min 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
2.00 
6.90 
2.10 
6.80 
2.30 
7.40 
ns 


tpHL 
An. Sn to Fn 


tpLH 
Propagation 
Delay 
1.40 
4.70 
1.40 
4.40 
1.40 
4.70 
ns 
Figures 
1 and 2 
tpHL 
An. Sn to p. G 


tpLH 
Propagation 
Delay 
2.00 
6.50 
2.00 
6.50 
2.10 
6.80 
ns 


tpHL 
An, Sn to Cn+4 


tpLH 
Propagation 
Delay 
1.60 
5.10 
1.60 
5.20 
1.60 
5.50 
ns 


tpHL 
Cn to Fn 
Figures 
1 and 2 


tpLH 
Propagation 
Delay 
1.30 
3.00 
1.40 
3.00 
1.40 
3.10 
ns 


tpHL 
Cn toCn+4 


tpLH 
Propagation 
Delay 
1.40 
8.80 
1.50 
8.60 
1.50 
9.00 
ns 


tPHL 
Sn to Fn 


tpLH 
Propagation 
Delay 
1.70 
7.40 
2.00 
5.90 
2.00 
6.50 
ns 
Figures 
1 and 2 
tpHL 
Snto P, G 


tpLH 
Propagation 
Delay 
2.70 
10.10 
2.80 
8.50 
2.90 
8.70 


tpHL 
Sn to Cn+4 
ns 


tpLH 
Propagation 
Delay 
1.00 
3.40 
0.90 
3.60 
1.10 
3.80 
Figures 
1 and 2 
tpHL 
EtoFn 
ns 


tTLH 
Transition 
Time 
0.45 
2.70 
0.45 
2.60 
0.45 
Figures 
1 and 2 
tTHL 
20% to 80%,80% 
to 20% 
2.70 
ns 


ts 
Setup Time 


An. Sn 
7.60 
7.60 
8.10 


Sn 
8.70 
8.50 
9.60 
ns 


Cn 
4.80 
5.00 
5.30 
Figure 3 
th 
Hold Time 


An, Sn 
0.10 
0.10 
0.10 


Sn 
0.60 
0.60 
0.60 
ns 


Cn 
0.60 
0.60 
0.60 


tpw(L) 
Pulse Width 
LOW 
2.00 


E 
2.00 
2.00 
ns 
Figure 2 • 


.•.. 
co 
Cerpak AC Electrical Characteristics 
VEE = -4.2Vto 
-4.8V. 
Vee = VeeA = GND 
.•.. 
00 
Tc - 
+85·C 
.•.. 
Tc = O·C 
Tc = +25·C 
Units 
Conditions 
Symbol 
Parameter 
Min 
Max 
Min 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
2.00 
6.70 
2.10 
6.60 
2.30 
7.20 
ns 
tpHL 
An. Bn to Fn 


tpLH 
Propagation 
Delay 
1.40 
4.50 
1.40 
4.20 
1.40 
4.50 
ns 
Figures 
1 and 2 


tpHL 
An. Bnto P, G 


tpLH 
Propagation 
Delay 
2.00 
6.30 
2.00 
6.30 
2.10 
6.60 
ns 
tpHL 
An. Bn to Cn+4 


tpLH 
Propagation 
Delay 
1.60 
4.90 
1.60 
5.00 
1.60 
5.30 
ns 


tpHL 
Cn to Fn 
Figures 
1 and 2 
tpLH 
Propagation 
Delay 
1.30 
2.80 
1.40 
2.80 
1.40 
2.90 
ns 


tpHL 
CntoCn+4 


tpLH 
Propagation 
Delay 
1.40 
8.60 
1.50 
8.40 
1.50 
8.80 
ns 


tpHL 
Sn to Fn 


tpLH 
Propagation 
Delay 
1.70 
7.20 
2.00 
5.70 
2.00 
6.30 
ns 
Figures 
1 and 2 
tpHL 
Snto p. G 


tpLH 
Propagation 
Delay 
2.70 
9.90 
2.80 
8.30 
2.90 
8.50 
ns 


tpHL 
Sn to Cn+4 


tpLH 
Propagation 
Delay 
1.00 
3.20 
0.90 
3.40 
1.10 
3.60 
ns 
Figures 
1 and 2 


tpHL 
EtoFn 


tTLH 
Transition 
Time 
0.45 
2.60 
0.45 
2.50 
0.45 
2.60 
ns 
Figures 
1 and 2 


tTHL 
20% to 80%. 80% to 20% 


ts 
Setup Time 


An. Bn 
7.50 
7.50 
8.00 


Sn 
8.60 
8.40 
9.50 
ns 
Cn 
4.70 
4.90 
5.20 
Figure 3 
th 
Hold Time 


An, Bn 
0 
0 
0 


Sn 
0.50 
0.50 
0.50 
ns 
Cn 
0.50 
0.50 
0.50 


tpw(L) 
Pulse Width LOW 
2.00 
2.00 
2.00 
ns 
Figure 2 
E 


Noles: 


Vee,VeeA~ +2V, VEE~ -2.5V 


L1 and L2 = equal length son impedance 
lines 


AT = 50n terminator 
internal to scope 


Decoupling0.1I'F fromGNDto Vcc andVEE 


All unused outputs are loaded with son to GND 


CL = Fixture and stray capacitance 
:s::3 pF 


Pin numbers 
shown are for flatpak; for DIP see logic symbol 


SOli 
~ 
L2 
I IJ 
AT 


,r-----------1 
+1.05V 
, 
\ 


\ 


\.-----------+0.31 
V 


f 
\-so-0;,-+1'OSV 
-'II 
-+0.31V 


---. 
t.:=:-Ih-I 
~----------- 
+ 1.05 V 


ENABLE 
/500;, 


Not•• : 


ts is the minimum time before the transition of the enable 
that information 
must be present 
at the data input. 


th is the minimum time after the transition of the enable 
that information 
must remain unchanged 
at the data input. 


• 


~ 
National 
~ 
Semiconductor 


F100182 
9-Bit Wallace Tree Adder 


General Description 


The F1 00182 
is a 9-bit Wallace 
tree adder. 
It is designed 
to 


assist in performing 
high-speed 
hardware 
multiplication. 
The 


device 
is designed 
to add 9 bits of data 1-bit-slice 
wide and 
handle 
the carry-ins 
from the previous 
slices. 
The F100182 
is easily 
expanded 
and 
still maintains 
four 
levels 
of delay 


regardless 
of 
input 
string 
length. 
In conjunction 
with 
the 


Ordering Code: 
See Section 
8 


Logic Symbol 


F100183 
Recode 
Multiplier, 
the F100179 
Carry Lookahead, 


and the F1 00180 
High-speed 
Adder, the F1 00182 
assists 
in 
performing 
parallel 
multiplication 
of two signed 
numbers 
to 


produce 
a signed 
twos complement 
product. 
See F100183 


data sheet for additional 
information. 
All inputs 
have 50 kl1 


pull-down 
resistors. 


Pin Names 
Description 


Do-De 
Data Inputs 


CI1-CI3, 
Cln-2 
Carry Inputs 


C01-C03, 
COn+2 
Carry Outputs 


PS 
Partial Sum Output 


PC 
Partial Carry Output 


PC 
PARTIAL 
CARRY 


PS 
PARTIAL 
SUM 


Inputs 
Outputs 


A 
B 
C 
S 
CO 


L 
L 
L 
L 
L 


L 
L 
H 
H 
L 


L 
H 
L 
H 
L 


L 
H 
H 
L 
H 


H 
L 
L 
H 
L 


H 
L 
H 
L 
H 


H 
H 
L 
L 
H 


H 
H 
H 
H 
H 


• 


Absolute 
Maximum Ratings 


Above 
which 
the useful 
life may be impaired. 
(Note 
1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
under Bias (Tc) 
O'Cto 
+85'C 


please 
contact 
the 
National 
Semiconductor 
Sales 
VEE Pin Potential 
to Ground 
Pin 
-7.0Vto 
+0.5V 
Office/Distributors 
for 
availability 
and 
specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 
Storage 
Temperature 
- 65'C to + 150'C 
Output Current 
(DC Output 
HIGH) 
-50mA 
Maximum 
Junction 
Temperature 
(TJ) 
+ 150'C 
Operating 
Range (Note 2) 
-5.7Vto 
-4.2V 


DC Electrical 
Characteristics 


VEE = 
-4.5V, 
VCC = VCCA = GND, Tc = O'C to + 85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
orVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH(Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
orVIL(Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 


for All Inputs 


IlL 
Input LOW Current 
0.50 
I-'A 
VIN = VIL (Min) 


DC Electrical 
Characteristics 


VEE = 
-4.2V, 
VCC = VCCA = GND, Tc = O°C to + 85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
50n 
to -2.0V 


VOHC 
Output HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
or VIL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
I-'A 
VIN = VIL (Min) 


DC Electrical 
Characteristics 


VEE = 
-4.8V, 
VCC = VCCA = GND, Tc = O'C to + 85°C (Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL(Min) 
50nto 
-2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50nto 
-2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 


for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
I-'A 
VIN = VIL (Min) 


Note 1: Absolute maximum ratings Brs those values beyond which the device may be damaged or have its useful life impaired. Functional 
operation 
under these 
conditions 
is not implied. 


Note 2: Parametric values specified at -4.2V 
to -4.8V. 


Note 3: The specified 
limits represent 
the "worst 
case" value for the parameter. 
Since these "worst 
case" values normally occur at the temperature 
extremes, 


additional 
noise immunity and guard banding can be achieved by decreasing 
the allowable system operating 
ranges. 


Note 4: Conditions 
for testing shown in the tables are chosen to guarantee operation 
under "worst 
case" conditions. 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V 
unless 
otherwise 
specified, 
Vee = VeeA = GNO, Te = O°C to +85°C 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


Input HIGH Current 


CI1-CI3, 
Cln-2 
300 


IIH 
01,03,04,05,06,08 
J-LA 
VIN = VIH (Max) 


00,02,07 
250 


lEE 
Power Supply Current 
-260 
-180 
-125 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GNO 


Symbol 
Parameter 
Tc = O'C 
Tc = +25°C 
Tc = +85°C 
Units 
Conditions 
Min 
Max 
Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
1.40 
4.50 
1.40 
4.50 
1.50 
4.70 
ns 


tpHL 
On to COn+2 


tpLH 
Propagation 
Delay 
1.30 
4.80 
1.30 
4.70 
1.50 
5.00 
ns 


tpHL 
On toC01 


tpLH 
Propagation 
Delay 
2.20 
6.20 
2.20 
6.10 
2.30 
6.40 
ns 
Figures 
1 and 2 
tpHL 
On to C02 


tpLH 
Propagation 
Delay 
1.30 
4.70 
1.40 
4.70 
1.50 
5.00 
ns 


tpHL 
On toC03 


tpLH 
Propagation 
Delay 
2.50 
7.20 
2.50 
7.20 
2.70 
7.40 
ns 
tpHL 
On to PS, PC 


tpLH 
Propagation 
Delay 
1.00 
3.50 
1.00 
3.40 
1.10 
3.70 
ns 
tpHL 
Cln-2, 
CI1 to CO2 


tpLH 
Propagation 
Delay 
1.50 
4.50 
1.50 
4.45 
1.60 
4.60 
ns 
Figures 
1 and 2 
tpHL 
Cln-2, 
CI1 to PS, PC 


tpLH 
Propagation 
Delay 
0.80 
3.30 
0.80 
3.20 
0.90 
3.60 
ns 


tpHL 
C13, CI2 to PS, PC 


tTLH 
Transition 
Time 
0.45 
1.60 
0.45 
1.60 
0.45 
1.60 
Figures 
1 and 2 
tTHL 
20% to 80%, 
80% to 20% 
ns 


• 


Cerpak AC Electrical Characteristics 
VEE - 
4.2V to -4.8V, Vee = VeeA = GND 


Tc = O·C 
Tc = +2S·C 
Tc - 
+8S·C 
Units 
Conditions 
Symbol 
Parameter 
Min 
Max 
'Mln 
Max 
Min 
Max 


tpLH 
Propagation 
Delay 
1.40 
4.30 
1.40 
4.30 
1.50 
4.50 
ns 


tpHL 
DntoCOn+2 


tpLH 
Propagation 
Delay 
1.30 
4.60 
1.30 
4.50 
1.50 
4.80 
ns 


tpHL 
On to C01 


tpLH 
Propagation 
Delay 
2.20 
6.00 
2.20 
5.90 
2.30 
6.20 
ns 
Figures 1and 2 
tpHL 
On to C02 


tpLH 
Propagation 
Delay 
1.30 
4.50 
1.40 
4.50 
1.50 
4.80 
ns 


tpHL 
On toCOS 


tpLH 
Propagation 
Delay 
2.50 
7.00 
2.50 
7.00 
2.70 
7.20 
ns 


tpHL 
On to PS. PC 


tpLH 
Propagation 
Delay 
1.00 
3.30 
1.00 
3.20 
1.10 
3.50 
ns 


tpHL 
Cln 
2. C1l to CO2 


tpLH 
Propagation 
Delay 
1.50 
4.30 
1.50 
4.25 
1.60 
4.40 
ns 
Figures 1and 2 
tpHL 
Cln 
2. Cil to PS, PC 


tpLH 
Propagation 
Delay 
0.80 
3.10 
0.80 
3.00 
0.90 
3.40 
ns 


tpHL 
Cis. CI2 to PS. PC 


tTLH 
Transition 
Time 
0.45 
1.50 
0.45 
1.50 
0.45 
1.50 
ns 
Figures 1and 2 
tTHL 
20% to 80%. 80% to 20% 


Notes: 


Vcc. VCCA ~ +2V. VEE ~ 
- 2.5V 


L1 and l2 
::z: equal length 50n impedance 
lines 


AT = 50n 
terminator 
internal 
to scope 


Decoupling 
0.' 
)LF from GND to Vcc and VEE 


All unused outputs are loaded with son to GND 


Cl = Fixture and stray capacitance 
:::;3 pF 


Pin numbers 
shown are for flatpak; for DIP see logic 
symbol 


25 $IF.J 


• 


PSn 


PCn-l 


PSn_l 


PCn_2 


D,. 
D" 
D'2 
DlO 
D,. 
D'5 
D,. 


D17 
D,. 


Do D,D2D.D.D5 
D.D, 
D. 
CO, 
CI, 


g~ 
Fl00182 
g:~ 


COn+2 
Cln_2 
PC 
PS 


On-10 


On-11 
0"-12 
On-13 
°"-14 
On-15 
0"_18 


On_17 
°n_1. 


On-20 


On-21 
On-22 
On-23 
On-24 
On-25 
On_26 


On-27 
On-28 


PSn-2 
PCn_3--- 


~ 
~ 
~ 
0.0,0.0,0,0,,,,0,,,, 
0001 
D2DaD40sDtDr 
O. 
0. 0, 0, 0, 0, Os0. 0, '" I---- 
- 


Co, 
CI, 
CO, 
CI, 
CO, 
CI, 
- 
Co, 
F1001l2 
CI, 
CO, 
F100182 
CI, 
Co, 


f100182 
CI, I---- 
- 


Co, 
CI, 
Co, 
CO, 
Co, 
CI, f--- 
- 


COn.2 
Cln_2 f- 
r- 


COn+2 
C1n_'l 
- 
COn+2 
Cln_2 I--- 


PC 
PS 
PC 
PS 
PC 
PS 


~ 
~ 
~ 


Do D, 02 0, 
04 Os O. 07 De 
0. 0, 0, 0, 0, Os0. 0, 0. 
0. 0, 0, 0, 0,0,"'0,0, 
- 


CO, 
CI, 
CO, 
CI, 
CO, 
CI, f--- 
- 


CO, 


F1DDl82 
CI, 
Co, 
F1001.2 
CI, 
Co, 
CI, f--- 
- 


F1DDl82 
~ 
CO, 
CI, 
co, 
CI, 
Co, 
CI, 
- 


COn.2 
C'n_2 - IcOn., 
CI,,_, 
~ 
- 
COn+2 
Cln-2 f--- 


PC 
PS 
PC 
PS 
PC 
PS 


Ps, 
PS, 
PSo 


PC 
PC 
P 
• 


~ 
National 
~ 
Semiconductor 


F100183 
2 x 8-Bit Recode Multiplier 


General Description 


The 
F100183 
is a 2 x 8-bit 
recode 
multiplier 
designed 
to 


perform 
high-speed 
hardware 
multiplication. 
In conjunction 
with the F100182 
Wallace 
Tree Adder, 
the F100179 
Carry 
Lookahead, 
and 
the 
F100180 
High-speed 
Adder, 
the 


F100183 
performs 
parallel 
multiplication 
of two signed 
num- 


bers 
in twos 
complement 
form 
to produce 
a signed 
twos 


complement 
product. 
All inputs have 50 kD. pull-down 
resis- 


tors. 


Ordering Code: 
See Section 
8 


Logic Symbol 


Pin Names 
Description 


Ao-A2 
Multiplier 
(Recode) 
Inputs 


Bo-Ba 
Multiplicand 
Inputs 


Fo-F7 
Partial Product Outputs 


Fa 
Sign Ex1ension Output 


TUF/9875-3 


Connection 
Diagrams 


24·Pln 
DIP 
24·Pln 
Quad Cerpak 


~ 
Al 
A2 VEE B. 
B5 
Bo 
1 
24 
B1 


fo 
2 
23 
B2 


f1 
3 
22 
B3 
B3 
1 
B6 


f2 
4 
21 
~ 
B2 
2 
B7 


f3 
5 
20 
A, 
B1 
3 
B8 


Vcc 
6 
19 
A2 
Bo 
4 
F8 


VQCA 
7 
la 
VEE 
fo 
5 
f7 


f. 
a 
17 
B. 
f1 
6 
f6 


f5 
9 
16 
B5 


f6 
10 
15 
B6 
f2 
f3 VCCVQCAf. 
f5 


f7 
11 
14 
B7 
TL/F/9875-2 


F8 
12 
13 
B8 


TL/F/9875-1 


..• 
0 
Logic Diagram 
0..• 
00 
W 


A, 


A, 
Fa 


Aa 


80 


B, 
F, 
B, 


B, 


B. 


B, 
F, 


80 


B, 


B, 
F, 


Absolute 
Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
under Bias (Tcl 
O'Cto 
+ 85'C 
please 
contact 
the 
National 
Semiconductor 
Sales 
VEE Pin Potential 
to Ground 
Pin 
-7.0Vto 
+0.5V 
Office/Distributors 
for 
availability 
and specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 
Storage 
Temperature 
- 65'C to + 150'C 
Output Current 
(DC Output 
HIGH) 
-50mA 
Maximum 
Junction 
Temperature 
(TJ) 
+150'C 
Operating 
Range (Note 2) 
-5.7Vto 
-4.2V 


DC Electrical 
Characteristics 
VEE = 
-4.5V. 
VCC = VCCA = GND. TC = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
orVIL(Min) 
50.0 to - 2.0V 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH (M/n) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
orVIL(Max) 
50.0 to - 2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
IJ-A 
VIN = VIL (Min) 


DC Electrical 
Characteristics 
VEE = 
-4.2V. 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
orVIL(Min) 
50.0 to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1595 
or VIL (Max) 
50.0 to -2.0V 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
IJ-A 
VIN = VIL (Min) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = VCCA = GND, Tc = O'C to +85'C 
(Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH (Max) 
Loading 
with 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
orVIL(Min) 
50.0 to -2.0V 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
ViN = VIH (Min) 
Loading 
with 


VOLC 
Output 
LOW Voltage 
-1610 
or VIL (Max) 
50.0 to -2.0V 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal 
for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW Signal 
for All Inputs 


IlL 
Input LOW Current 
0.50 
IJ-A 
VIN = VIL (Min) 


Note 
1: Absolute 
maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional 
operation 
under these 
conditions 
is not implied. 


Note 2: Parametric values specified at -4.2V 
to -4.8V. 


Note 3: The specified 
limits represent 
the "worst 
case" value for the parameter. 
Since these "worst 
case" 
'1a\ues normally occur at the temperature 
extremes, 


additional 
noise immunity and guard banding can be achieved by decreasing 
the allowable system operating ranges. 


Note 4: Conditions 
for testing shown in the tables are chosen to guarantee 
operation 
under "worst 
case" conditions. 


DC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V 
unless 
otherwise 
specified, 
Vee = VeeA = GND, Te = O·C to +85·C 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


IIH 
Input HIGH Current 


Bo-Be 
215 


Ao 
215 
IJ-A 
VIN = VIH (Max) 
A1 
285 


A2 
310 


lEE 
Power Supply Current 
-250 
-170 
-115 
mA 
Inputs Open 


Ceramic Dual-In-Line 
Package AC Electrical Characteristics 


VEE = 
-4.2V 
to -4.8V, 
Vee = VCCA = GND 


Symbol 
Parameter 
Tc = erc 
Tc = +2S·C 
Tc = +8S·C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
1.10 
3.90 
1.10 
3.80 
1.10 
4.20 
ns 


tpHL 
Ao-A2 
to Fo-F7 
Figures t and 2 


tpLH 
Propagation 
Delay 
0.90 
3.20 
1.00 
3.10 
1.00 
3.60 
ns 


tpHL 
Ao-A2toFe 


tpLH 
Propagation 
Delay 
0.80 
2.20 
0.90 
2.15 
0.90 
2.50 
ns 


tpHL 
Bo-Be 
to Fo-F7 
Figures t and 2 


tpLH 
Propagation 
Delay 
0.80 
2.00 
0.90 
2.00 
0.90 
2.50 
ns 


tpHL 
Be to Fe 


tTLH 
Transition 
Time 
0.45 
2.50 
0.45 
2.40 
0.45 
Figures t and 2 
tTHL 
20% to 80%, 
80% to 20% 
2.60 
ns 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V, 
Vee = VeeA = GND 


Symbol 
Parameter 
Tc = erc 
Tc = +2S·C 
Tc = +8S·C 
Units 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
1.10 
3.70 
1.10 
3.60 
1.10 
4.00 


tpHL 
Ao-A2 
to Fo-F7 
ns 


Figures t and 2 
tpLH 
Propagation 
Delay 
0.90 
3.00 
1.00 
2.90 
1.00 
3.40 


tpHL 
Ao-A2to 
Fe 
ns 


tpLH 
Propagation 
Delay 
0.80 
2.00 
0.90 
1.95 
0.90 
2.30 


tpHL 
Bo-Be 
to Fo-F7 


ns 


Figures t and 2 
tpLH 
Propagation 
Delay 
0.80 
1.80 
0.90 
1.80 
0.90 
2.30 


tpHL 
Be to Fe 
ns 


tTLH 
Transition 
Time 
0.45 
2.40 
0.45 
2.30 


tTHL 
20% to 80%, 80% to 20% 


0.45 
2.50 
ns 
Figures t and 2 • 


1Io.1,F 


r, 
r 
16 
500 
15 
SOO 
14 


Notea: 


Vcc. VCCA = +2V. VEE ~ 
- 2.5V 


L1 and L2 - 
equal length 50n 
impedance 
lines 
Rr = 500 terminator 
internal to scope 


Decoupling 
0.1 I'F from GND to Vcc and VEE 


All unused outputs are loaded with 50n 
to GND 


CL = Fixture and stray capacitance 
:s:::3 pF 


Pin numbers 
shown are for flatpak; 
for DIP see logic symbol 


soo 


SOO 


soo 


SOO 


L2 
r, 
rI 


AT 


':' 


~II 
iT.:I 2~~: 
I"'---JI'------ 
+0.31 
V 


tPHL_ 
1_ - 
j_tPLH 
NON·INVERTING 
_ 
\ 
Jw% 


OUTPUT 
tPLH- t-~-LtPHL 
~ 
1= 


INVERTING 
L j 


tTLH-j 


Application 
F100183 is a 2 x 8-bit recode mUltiplierthat performs paral- 
lel multiplication using twos complement arithmetic. In multi- 
plying, the multiplier is partitioned into recode groups, then 
each recode group operates on the multiplicand to provide 
a partial product at the same time. The F100183, 2 x 8-bit 
recode multiplier provides partial products in 3.6 ns. 
The F100182, 9-Bit Wallace Tree Adder combines the par- 
tial products to obtain the partial sum and partial carries in 
an additional 10.7 ns. Then the Carry Lookahead generator 
and 6-bit adder combine the results of a 16 x 16-bit multiply 


for a total of 24.3 ns. The propagation delays and package 
count for implementing various size multipliers are listed in 
Tables I and II. 
MUltiplication of twos complement binary numbers is ac- 
complished by first obtaining all the partial products. Then 
the weighted partial products are added together to yield 
the final result. In the Wallace Tree method of multiplication 
the sign bit is treated the same as the rest of the bits to 
obtain a signed result. 


Array 
Recode 
Wallace 
High-speed 
Carry 
Total (Max) 
Multiplier 
Tree Adder 
Adder 
Lookahead 
Size 
100183 
100182 
100180 
100179 
Delay 


16x 16 
3.6 
10.7 
7.3 
2.7 
= 
24.3 ns 


17x 17 
thru 
3.6 
21.4 
7.3 
2.7 
= 
35.0 ns 
24 x 24 


25 x 25 
thru 
3.6 
21.4 
7.3 
5.4 
= 
37.7 ns 
48x48 


49 x49 
thru 
3.6 
21.4 
7.3 
8.1 
= 
40.4 ns 
72 x 72 


73 x 73 
3.6 
32.1 
7.3 
10.8 
= 
53.8 ns • 


100102 
100183 
100182 
100180 
100179 
Total 
100117 


16x 16 
6 
16 
32 
6 
2 
= 
62 


18x 18 
7 
27 
38 
6 
2 
= 
70 


24x24 
9 
36 
60 
8 
2 
= 
115 


32 x 32 
11 
64 
96 
11 
4 
= 
186 


36x36 
13 
80 
116 
12 
4 
= 
225 


64x64 
24 
256 
328 
22 
6 
= 
634 


For a quick review of the twos complement 
number format 
see Table III. Note that subtraction 
is accomplished 
by add- 
ing the negative 
number. 
An example 
of changing 
from a 
positive number to a negative number is shown. 


1011 
negative number-5 


Sign 
Magnitude 
Decimal 


Bit 
22 
21 
2° 
Number 


0 
1 
1 
1 
+7 
0 
1 
1 
0 
+6 
0 
1 
0 
1 
+5 
0 
1 
0 
0 
+4 
0 
0 
1 
1 
+3 
0 
0 
1 
0 
+2 
0 
0 
0 
1 
+1 
0 
0 
0 
0 
+0 
1 
1 
1 
1 
-1 


1 
1 
1 
0 
-2 


1 
1 
0 
1 
-3 


1 
1 
0 
0 
-4 


1 
0 
1 
1 
-5 


1 
0 
1 
0 
-6 


1 
0 
0 
1 
-7 


1 
0 
0 
0 
-8 


0100 
bits inverted 
+0001 
addone 
0101 
Results 5 


Multiplication 
Algorithm 


In the multiplication 
algorithm 
used, the multiplier 
(Yn ... 
yo) 


is partitioned 
into 
recade 
groups 
and 
each 
recode 
group 
operates 
on the multiplicand 
(Xn ... 
Xo) as in Figure 
4. The 
F100183, 
2 x 8-bit recode 
multiplier 
partitions 
the multiplier 


(Xn ... 
Xo) into groups 
of eight and the multiplicand 
(Yn ... 
Yo) into groups 
of two. 
Each recode 
group 
is two bits wide 


but requires 
three 
bits to determine 
the partial products. 
Ta- 
ble IV lists the 
significance 
of the 
various 
recode 
groups. 


The partial product 
is ± 0, ± multiplicand, 
or ± two times the 
multiplicand. 
A forced 
zero is required 
to establish 
the least 


significant 
bit of the first 
recode 
group. 
By connecting 
re- 


code multipliers 
in parallel 
the partial products 
are available 


at the same time. The weighted 
partial products 
(An ... 
AO' 


Bn ... 
BO) ... 
are added together 
using F100182, 
9-bit Wal- 
lace Tree Adders. 
The results 
of the partial sum and partial 


TABLE 
IV. Recode 
Product 


Recode 
Group 
Recode 
Partial Product 


VI+1 
VI 
VI-1 
Value 


0 
0 
0 
+0 
Add zero 


0 
0 
1 
+1 
Add mUltiplicand 


0 
1 
0 
+1 
Add multiplicand 


0 
1 
1 
+2 
Add twice the 


multiplicand 


1 
0 
0 
-2 
Subtract 
twice the 


multiplicand 


1 
0 
1 
-1 
Subtract 
the 


multiplicand 


1 
1 
0 
-1 
Subtract 
the 


multiplicand 


1 
1 
1 
-0 
Subtract 
zero 


carry are combined 
together 
using Carry Lookahead 
gener- 


ators and 6-bit adders. 
An example 
of using recode 
multipli- 
cation 
is shown 
in Figure 
3: multiplier 
(11710) 
01110101 


times multiplicand 
(10510) 01101001. 
The first recode 
group 
010 
requires 
adding 
the 
multiplicand; 
the 
second 
recode 
group 
010 
also 
requires 
adding 
the 
multiplicand; 
the 
third 
group 
110 requires 
subtracting 
the multiplicand 
(the same 
as inverting 
each 
digit and adding 
1); the fourth 
group 
011 


requires 
adding 
twice 
the 
multiplicand. 
Combining 
the 
re- 


sults of four groups, 
1228510, 
we have the correct 
answer. 


Forced Zero 


01101001 I 
011~ 


-1 +1 


+2 +1 
סס0oooooo1101001 
(+1) 


ס0ooooo1101001 
(+1) 


111110010111 
(-1) 


0011010010 
(+2) 


0010111111111101 


105 


---11L 


735 
105 


..1QL 


12285 


TL/F/9875-8 


FIGURE 
3. Recode 
Multiplication 
Example 


Multiplicand 


Multiplier 


Recode Groups 


Sign Bit 
Magnitude Bits 
Forced 
•. 
Zero 


X1SX14X13X12Xl1XlOX9 
Xa 
X7 
X6 
Xs 
X4 
X3 
Xl 
Xl 
Xo 
~ 
VIS Y14 Y13 Y12YllYlOY9 
Va 
Y7 
VB 
Ys 
Y4 
Y3 
Y2 
y, 
Yo 
0 


First 
Product 
Only 
---_... 
1 
1 
IA16A1SA14A13A12AllAl0Ag 
As 
A7 A6 As 
A4 
A3 
A2 
~ 
Ko 
Hardware-wiredLogicOnes----+- 
1 
18168158148138128,,81089 
8s 87 86 85 84 83 82 
~ 


K2 
Partialproducts~1 
IC,.C"C14C'3C'2Cl1ClOC9 
C. C, C. C, C. C3 C2 c, Col 


K. 
1 
016015014013012011 
01009 
08 07 06 05 04 03 02 01 Dol 
K. 
1 
lEIS E15 E14 E13 Ell 
Ell 
ElO Eg 
Ea 
E7 
E6 
Es 
E4 
E3 
E2 
E, 
Eol 


Ke 
.-- 
Rounding 
Bits 
From External Gates 


1 IG,.G15G••G13G'2Gl1GlOG9G. G, G. Gs G. G3 G2 G, Gal 


K'2 
1 
IH1Ei 
H15 
H14H13H12H1,Hl0Hg 
Ha 
H7 
H6 
Hs 
H4 
H3 
H2 
Hl 
Hal 


K14 


. 
Partial 
Sum 
. 


.. 
Partial 
Carry 
PS3' PS30 PS29 P52. 
PC3QPC29PC2. PC., . 


53' 
530 
529 
S2•........•......•. 


t 
Sign Bil 


. PS. PS3 PS2 PS, 
PSo 
.... 
PC3 PC2 PC, PCo 


. ..•..............•.••.......... 
5. 
53 
S2 
5, 
So 
• 


length 
greater 
than eight Ms, 
the I:lo ana t:le InputS 01 aOJa- 
cent 
devices 
are connected 
together 
(see 
Figure 
7). The 
device 
outputs 
Fo through 
F7 are used as the partial 
prod- 
ucts; these correspond 
to Ao through 
A7' or Ae through 
A15' 
or Bo through 
B7' etc. To reduce 
the hardware, 
the Fe bit 


(A16 in Figure 
7) is used as the sign bit of the partial 
prod- 
uct. The 
sign 
bits 
are extended 
by using 
hardware 
wired 


logic 
"1s". 
The 
ones 
are located 
in front 
of each 
partial 
product 
with an extra 
"1" 
at the sign bit of the first partial 


product 
as in Figure 
4. The logic 
"1s" 
are wired 
as inputs 
into the Wallace 
Tree Adders 
as shown 
in Figure 
6. If the 
recode 
group 
requires 
the 
multiplicand 
to be added, 
then 


the F1 001 83 outputs 
the correct 
partial products 
to be add- 
ed. 
But when 
the 
recode 
group 
requires 
that 
the 
multipli- 


cand 
be subtracted, 
then 
the 
F1 001 83 outputs 
the 
ones 


complement. 
External 
gates are required 
to generate 
a "1" 
to be added 
to the ones complement 
to complete 
the lwos 


complement 
for the partial 
product 
(Figure 
7). These 
exter- 
nal gates 
generate 
the rounding 
bits, Ko ... 
Kn, which 
are 
input to the Wallace 
Tree 
Adder. 
Figures 
4, 6 and 
7 show 


the 
location. 
An 
example 
of 
multiplication 
which 
has the 
rounding 
bits and the hardware 
wired logic" 
1s" is shown 
in 


Figure 
5. 


The 
weighted 
partial 
products 
are 
added 
together 
using 
Fl 001 82, 9-bit Wallace 
Tree Adders 
as shown 
in Figure 
6. 


The output 
is a partial 
sum and partial 
carry which 
can be 
reduced 
to the final product 
using Carry Lookahead 
and 6- 


bit adders. 
See Figure 
8. 


-1 + 1 


+2 
+1 


1 
111011010Q.!j 
o 


l!iOl101 oQ.!j 


o 


_1101001012.2] 
1 _ 
Rounding 
Bils 


1m 10100lQl 
(external 
gales) 


o 


0010111111111101 


Hardware- 


wired 


Logic 


ones 


TL/F/9875-10 


FIGURE 
5. Example 
of Multiplication 
Using Rounding 
Bits 


NO'! 
Used 


• 


• 


F100250 
Quint Full Duplex Line Transceiver 


TL/F/9878-3 


Connection 
Diagrams 


24·Pln DIP 
24·Pln Quad Cerpak 


50150s 
51s VEE [s 
Ls 
L2 
1 
24 
L1 


[2 
2 
23 
[1 


512 
3 
22 
511 
511 
1 
5°4 


5°2 
4 
21 
5°1 
[1 
2 
514 


E 
5 
20 
50s 
L1 
3 
[4 


Vcc 
6 
19 
51s 
L2 
4 
L4 


VCCA 
7 
18 
VEt 
[2 
5 
L3 


5°3 
8 
17 
[s 
512 
6 
[3 


513 
9 
16 
Ls 


[3 
10 
15 
5°4 
5°2 
E Vcc VCCA503 513 
L3 
11 
14 
514 
TL/F/9876-2 


L4 
12 
13 
[4 


TLIF/9876-1 


General Description 


The F100250 
is a quint line transceiver 
capable 
of simulta- 


neously 
transmitting 
and receiving 
differential 
mode signals 


on a twisted 
pair line. Each 
transceiver 
has a signal 
input 


SIN. a signal 
output 
Sour 
and two differential 
line inputs/ 


outputs 
Land L. Signals 
received 
from the lines Land L can 


be stored 
in an internal 
latch. The line outputs 
are designed 


to drive twisted 
pair lines. The ENABLE 
input is common 
to 


all five transceivers. 


Features 


• 
Full duplex 
operation 


• 
Common 
mode 
noise 
immunity 
of ± 1V 


Pin Names 
Description 


E 
Common 
Enable 


Sin 
100K Signal Inputs 


SOn 
1OOKSignal Outputs 


Ln. Ln 
Differential 
Line 


Inputs/ Outputs 


S,1 
Ll 


Sol 
C1 


812 
L. 


So> 
C2 


813 
L3 


So3 
L3 


814 
L4 


So4 


L4 


815 
LS 
50s 


(5 


E 


TL/F/9876-6 


Truth Table 


TLIF/9876-5 


FIGURE 
1. Interconnection 
of Two F100250 
Circuits, 


Duplex 
Mode Operation 


E 
SIA 
SIB 
SOA 
SOB 
L 
L 


H 
X 
X 
50A(n-1) 
508(n-1) 
. 
. 


L 
L 
L 
L 
L 
UL 
UH 


L 
L 
H 
H 
L 
(UL + UH)/2 
(UL + UH)/2 


L 
H 
L 
L 
H 
(UL + UH)/2 
(UL + UH)/2 


L 
H 
H 
H 
H 
UH 
UL 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 


n -1 "'"Previous 
State 


• = Dependent 
on SIA and SIB 


UL =: -1.27V 
UH =: -O.27V 
(UL + UH)/2 =: - o.nv 


S~Jl__ 


SOB Jl 
_ 
_ I 
• 


Absolute Maximum Ratings 
Above 
which 
the useful 
life may be impaired. 
(Note 
1) 


If Military/Aerospace 
specified 
devices 
are 
required, 
Case Temperature 
under Bias (Tel 
O·Cto 
+85·C 
please 
contact 
the 
National 
Semiconductor 
Sales 
VEE Pin Potential 
to Ground 
Pin 
-7.0Vto 
+0.5V 
Office/Distributors 
for availability 
and specifications. 
Input Voltage 
(DC) 
VEEto 
+0.5V 


Storage 
Temperature 
- 65·C to + 150·C 
Output Current 
(DC Output 
HIGH) 
-50mA 


Maximum 
Junction 
Temperature 
(TJ) 
+150·C 
Operating 
Range (Note 2) 
-5.7Vto 
-4.2V 


DC Electrical Characteristics 
VEE = -4.2V 
to -4.8V 
unless 
otherwise 
specified, 
VCC = VCCA = GND, Tc = O·C to +85·C 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


IIH 
Input HIGH Current 
Sin 
200 
p.A 
VIN = VIH(Max) 
EO 
250 
p.A 


lEE 
Power Supply Current 
-300 
-180 
mA 
Inputs Open 


DC Electrical Characteristics 
VEE = 
-4.5V, 
VCC = VCCA = GND, Tc = O·C to + 85·C (Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1025 
-955 
-880 
mV 
VIN = VIH(Max) 


VOL 
Output 
LOW Voltage 
-1810 
-1705 
-1620 
mV 
orVIL(Min) 
Loading 
with 


VOHC 
Output 
HIGH Voltage 
-1035 
mV 
VIN = VIH(Min) 
50nto 
-2.0V 


VOLC 
Output 
LOW Voltage 
-1610 
mV 
orVIL(Max) 


VKH 
Line Output 
HIGH Voltage 
-370 
-220 
mV 
No Load 


VKL 
Line Output 
LOW Voltage 
-1400 
-1090 
mV 
VIN = VIH(Max) or VIL(Min) 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH Signal for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal for All Inputs 


IlL 
Input LOW Current 
0.50 
p.A 
VIN = VIL(Min) 


DC Electrical Characteristics 
VEE = -4.2V, 
VCC = VCCA = GND, Tc = O·C to + 85·C (Note 3) 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1020 
-870 
mV 
VIN = VIH(Max) 


VOL 
Output 
LOW Voltage 
-1810 
-1605 
mV 
OrVIL(Min) 
Loading 
with 


VOHC 
Output 
HIGH Voltage 
-1030 
mV 
VIN = VIH(Min) 
50nto 
-2.0V 


VOLC 
Output 
LOW Voltage 
-1595 
mV 
orVIL(Max) 


VKH 
Line Output 
HIGH Voltage 
-350 
-200 
mV 
No Load 


VKL 
Line Output 
LOW Voltage 
-1300 
-990 
mV 
VIN = VIH(Max) or VIL(Min) 


VIH 
Input HIGH Voltage 
-1150 
-870 
mV 
Guaranteed 
HIGH Signal for All Inputs 


VIL 
Input LOW Voltage 
-1810 
-1475 
mV 
Guaranteed 
LOW Signal for All Inputs 


IlL 
Input LOW Current 
0.50 
p.A 
VIN = VIL(Min) 


DC Electrical Characteristics 
VEE = 
-4.8V, 
VCC = VCCA = GND. Tc = OOGto + 85°G (Note 3) 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
4) 


VOH 
Output 
HIGH Voltage 
-1035 
-880 
mV 
VIN = VIH(Max) 


VOL 
Output 
LOW Voltage 
-1830 
-1620 
mV 
OrVIL(Min) 
Loading 
with 


VOHC 
Output 
HIGH Voltage 
-1045 
mV 
VIN = VIH(Min) 
50nto 
-2.0V 


VOLC 
Output 
LOW Voltage 
-1610 
mV 
OrVIL(Max) 


VKH 
Line Output 
HIGH Voltage 
-400 
-250 
mV 
No Load 


VKL 
Line Output 
LOW Voltage 
-1500 
-1190 
mV 
VIN = VIH(Max) or VIL(Min) 


VIH 
Input HIGH Voltage 
-1165 
-880 
mV 
Guaranteed 
HIGH 
Signal for All Inputs 


VIL 
Input LOW Voltage 
-1830 
-1490 
mV 
Guaranteed 
LOW 
Signal for All Inputs 


IlL 
Input LOW Current 
0.50 
IJ-A 
VIN = VIUMinl 


Note 1: Unless specified otherwise 
on individual data sheet. 


Not. 2: Paramatricvaluasspecifiedat -4.2V to -4.BV. 


Note 3: The specified 
limits represent the "worst 
case" value for the parameter. 
Since these "worst 
case" values normally occur at the temperature 
extremes. 


additional 
noise immunity and guard banding can be achieved by decreasing 
the allowable 
system operating ranges. 


Note 4: Conditions 
for testing shown in the tables are chosen to guarantee operation 
under "worst 
case" conditions. 


Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V. 
Vcc = VCCA = GND, Tc = O°C to +85°C 


Symbol 
Parameter 
Tc = O"C 
Tc = +2SOC 
Tc = +85°C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
1.1 
2.4 
1.1 
2.4 
1.2 
2.6 
ns 
Figures 2 and 4 
tpHL 
SltoL. 
L 


tpLH 
Propagation 
Delay 
1.2 
2.8 
1.2 
2.9 
1.3 
3.0 
ns 
Figures 3 and 5 
tpHL 
L.LtoSo 


tpLH 
~ropagation 
Delay 
1.2 
2.6 
1.2 
2.7 
1.3 
2.9 
ns 
Figures 
3 and 5 
tpHL 
EtoSo 


tTHL 
Transition 
Time 
0.5 
2.0 
0.5 
2.0 
0.5 
2.0 
tTLH 
20% to 80%. 
80% to 20% 
ns 


ts 
Setup Time L. L 
1.3 
1.3 
1.5 
ns 
Figure 3 


tH 
Hold Time L, L 
1.3 
1.3 
1.5 
ns 


Cerpak AC Electrical Characteristics 
VEE = 
-4.2V 
to -4.8V. 
VCC = VCCA = GND. Tc = OOGto +85°G 


Symbol 
Parameter 
Tc = O"C 
Tc = +25°C 
Tc = +85°C 
Units 
Conditions 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tpLH 
Propagation 
Delay 
1.1 
2.2 
1.1 
2.2 
1.2 
2.4 
ns 
Figures 2 and 4 
tpHL 
SI to L. L 


tpLH 
Propagation 
Delay 
1.2 
2.6 
1.2 
2.7 
1.3 
2.8 
ns 
Figures 3 and 5 
tpHL 
L.LtoSo 


tpLH 
~ropagation 
Delay 
1.2 
2.4 
1.2 
2.5 
1.3 
2.7 
ns 
Figures 3 and 5 
tpHL 
EtoSo 


tTHL 
Transition 
Time 
0.5 
1.9 
0.5 
1.9 
0.5 
1.9 
tTLH 
20% to 80%. 
80% to 20% 
ns 


ts 
Setup Time L. L 
1.3 
1.3 
1.5 
ns 
Figure 3 


tH 
Hold Time L. L 
1.3 
1.3 
1.5 
ns 
• 


___ 
~~_~~_} 
__ 
I ~ 
%-ir-======= 
+0.31V 
l-----.-----k: 
-+ 
+. 


I 
\ 
I 
\ 
__________ 
4 
la 
S 


Note.: 
5'B ~ 
L then P ~ (UL + UH)/2, a ~ UL, R ~ 
UH, 5 ~ (UL + UH)/2 


5'B ~ H then P ~ UH, a ~ (UL + UH)/2, R ~ (UL + UH)/2, 5 ~ UL 
FIGURE 
2. 51 to Differential 
Line 


L 
A 


_J 
\_/ 
\ 
/ 


----------\1 
1:------\ 
1:-----------\----------- 
+. 
-+ 
" 
-+ 
" 
\..~/~ '. 
\_.__ 
.__ 
.j 
\_...._... 


_/ 


LA 


Is 


EA 


IpLH 


SOA 


".y 
\_/ 


~ 


O% 


50% 
20% 
---------IT-L-H-~- 


Note.: 
5'A ~ 
L then P ~ (UL + UH)/2, a ~ UL, R ~ UH, 5 ~ 
(UL + UH)/2 
} 
5 


' 
A ~ H then P ~ UH, a ~ (UL + UH)/2, R ~ (UL + UH)/2, 5 ~ UL 
L, [ loaded with another F100250 


t5 is the minimum time before the transition of the enable that information must be present at the data input. 


tH is the minimum time before the transition of the enable that information must remain unchanged at the data input. 


FIGURE 
3. Differential 
Line to 50 


Gon 


R,r 


-= 


R. 


R. 
Vco 


5011 
"c 


0.1 jJF 
~ 


Notes: 


VCC' VCCA ~ 
+2V, 
VEE ~ 
-2.SV 


L1 and L2 = equal length son impedance 
lines. 


RT = son terminator 
internal to scope. 


Decoupling 
0.' I'F from GND to Vcc and VEE. 


All unused outputs are loaded with son to GND. 
CL = fixture and stray capacitance 
s: 3 pF. 


Land 
[ terminated by F100250 
or Thevenin equiva- 


lent. 
Signal levels will be a percentage 
of full swing if using 
equivalent 
network. 


AA ~ 910, 
AS ~ soon, 
Ac ~ 22on, 
AD ~ 
71.sn 


10,S,S 
~ 
L. 


AA - 
22on, 
As ~ 71.sn, 
Ac 
~ 910, 
AD ~ soon 


for S,S - 
H. 


• 


v" 
-= 


0.1 jJ.r 


-= 


50•• 
q 


2' 
23 
22 
21 
20 
" 
50 •• 


1. 
-= 


17 


F100250 
16 


UNDER 
TEST 
•• 


14 


13 


12 


Notes: 


Vcc, 
VCCA - 
+2V, VEE - 
- 2.5V 
L1 and L2 = equal length son impedance 
lines. 
AT = son terminator 
internal to scope. 


Decoupling 
0.1 JLFfrom GND to VCC and VEE. 
All unused outputs are loaded with son to GND. 
CL = fixture and stray capacitance 
~ 3 pF. 


FIGURE 5. AC Test Circuit Differential Line to So and E to So 
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11C01 
Dual 5-4 Input OR/NOR Gate 


General Description 


The 
11C01 
is a voltage-compensated 
ECL dual 
5-4 input 


ORINOR 
gate. 
The 
circuit 
has 
standard 
internal 
voltage 


compensation 
with DC parameters 
identical 
to 10K ECL de- 


vices. 


Ordering Code: 
See Section 
8 


Logic Symbol 


Pin Names 
Description 


D1a-D1e, 
D2a-D2d 
Data Inputs 


01.01.02.02 
Outputs 


In 
Out 


D1a 
D1b 
D1C 
D1d 
D1e 
Q1 
Q1 


L 
L 
L 
L 
L 
L 
H 


H 
X 
X 
X 
X 
H 
L 


X 
H 
X 
X 
X 
H 
L 


X 
X 
H 
X 
X 
H 
L 


X 
X 
X 
H 
X 
H 
L 


X 
X 
X 
X 
H 
H 
L 


H ~ 
HIGH Voltage Level 


L - 
LOW Voltage Level 


X = Don't Care 


Connection 
Diagrams 


16·Pln DIP 


VCC1 
1 
VCC2 


°2 
2 
0, 


O2 
3 
01 


°2a 


<4 
O'a 


D2b 
5 
°lb 


°2e 
6 
Ole 


D2d 
7 
Old 


VEE 
8 
0,. 


TLiF/9888-1 


16·ptn 
Flatpak 


Dla 
Dlb 


0, 
Ole 
0, 
Old 


VCC2 
01• 


VCC, 
VEE 


°2 
°2d 


02 
°2e 


D2a 
°2b 


TL/F/9888-3 


In 
Out 


D2a 
D2b 
D2c 
D2d 
Q2 
Q2 


L 
L 
L 
L 
L 
H 


H 
X 
X 
X 
H 
L 


X 
H 
X 
X 
H 
L 


X 
X 
H 
X 
H 
L 


X 
X 
X 
H 
H 
L 


Absolute Maximum Ratings 
Recommended 
Operating 


Above 
which 
the useful 
life may be impaired 
Conditions 


If Military/Aerospace 
specified devices are required, 
Mln 
Typ 
Max 
Units 
please 
contact 
the 
National 
Semiconductor 
Sales 


Office/Distributors for availability and specifications. 
Supply Voltage 
(VEE) 
-5.5 
-5.2 
-4.75 
V 


Storage 
Temperature 
-65°C 
to + 150"C 
Ambient 
Temperature 
(TAl 
0 
+75 
°C 


Maximum 
Junction 
Temperature 
(TJ) 
+ 150°C 


Supply Voltage 
Range 
-7.0Vto 
GND 


Input Voltage 
(DC) 
VEEto 
GND 


Output Current 
(DC Output 
HIGH) 
-50mA 


Operating 
Range 
-5.5Vto 
-4.75V 


Lead Temperature 
(Soldering, 
10 sec.) 
300°C 


DC Electrical Characteristics 
VEE = 
-5.2V, 
Vcc = GND 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
TA 
Conditions 


VOH 
Output Voltage 
HIGH 
-1000 
-840 
O°C 
V,N = VIH(Max) 


-960 
-810 
mV 
+ 25°C 
orVIL(Min) 


-900 
-720 
+ 75°C 
per Truth Table 


VOL 
Output Voltage 
LOW 
-1870 
-1665 
O°C 


-1850 
-1650 
mV 
+ 25°C 


-1830 
-1625 
+ 75°C 
Loading 
is 


VOHC 
Output Voltage 
HIGH 
-1020 
O°C 
VIN = VIH(Min) 
50nto 
-2.0V 


-980 
mV 
+25°C 
orVIL(Max) 
-920 
+ 75°C 
per Truth Table 


VOLC 
Output Voltage 
LOW 
-1645 
O°C 


-1630 
mV 
+ 25°C 


-1605 
+ 75°C 


VIH 
Input Voltage 
HIGH 
-1145 
-840 
O°C 
Guaranteed 
Input Voltage 


-1105 
-810 
mV 
+ 25°C 
HIGH for All Inputs 


-1045 
-720 
+ 75°C 


VIL 
Input Voltage 
LOW 
-1870 
-1490 
O°C 
Guaranteed 
Input Voltage 


-1850 
-1475 
mV 
+ 25°C 
LOW for All Inputs 


-1830 
-1450 
+ 75°C 


IIH 
Input Current 
HIGH 
350 
",A 
+25°C 
VIN = VIHIMax) 


IlL 
Input Current 
LOW 
0.5 
",A 
+ 25°C 
VIN = VIL(Min) 


lEE 
Power Supply Current 
-30 
-24 
mA 
+25°C 
Inputs and Outputs 
Open 


AC Electrical Characteristics 
VEE = 
-5.2V, 
TA = 
+25°C 


Symbol 
Parameter 
Flatpak 
DIP 
Units 
Conditions 


Mln 
Typ 
Max 
Mln 
Typ 
Max 


tpLH 
Propagation 
Delay 
0.45 
0.7 
0.95 
0.60 
0.90 
1.15 
ns 
LOW to HIGH 


tpHL 
Propagation 
Delay 
0.45 
0.7 
0.95 
0.60 
0.90 
1.15 
ns 
HIGH to LOW 
See Figure 
1 
tTLH 
Output Transition 
Time 
0.7 
0.95 
0.90 
1.15 
LOW to HIGH (20% to 80%) 
ns 


tTHL 
Output Transition 
Time 
0.7 
0.95 
0.90 
1.15 
ns 
HIGH to LOW (80% to 20%) 


("\L, 
\ 
/ 


Ycc 
·2YI 


Notes: 


L1 and L2 = equal length 50n impedance 
lines 
RT = 500 
Termination 
of scope 
Decoupling 
0.1 I'F from GND to VEE and Vcc 


CL " 
3 pF 


Notes: 


Jig setup with no circuit under test 
Vcc, 
= VCC2 = + 2.0V 
VEE - 
-3.2V 


• 


~National 
~ 
Semiconductor 


11C05 
1 GHz Divide-By-Four Counter 


General Description 


The 11C05 is an ECl 
Divide-By-Four 
Counter 
with a maxi- 


mum 
operating 
frequency 
above 
1 GHz 
over 
the 
O°C to 


+ 75°C temperature 
range. The input may be DC or AC (ca- 


pacitivelYl 
coupled 
to the signal source. 
The emitter 
follower 


outputs 
(Q and al 
are capable 
of driving 
500 
lines. 
The 


outputs 
are 
voltage-compensated 
and 
provide 
standard 


ECl 
output 
levels. 


Ordering Code: 
See Section 
8 


Logic Symbol 


Pin Names 
Description 


CP 
Clock Input 


VREF 
Reference 
Input 


Q,a 
Counter 
Outputs 


Connection 
Diagram 


14-Pin DIP 


NC 
vcc 


NC 
NC 


NC 
NC 


cp 
Q 


NC 
Q 


VREF 
NC 


VEE 
NC 


TL/F/9889-2 


Vcc 
14 


11 
a 


CP 
+2 
+2 


10 
a 


4000 


6 
VREFr 
I 
I 
I-L 
VEE 
7 
I' 
* 


TLiF/9889-3 


Supply Voltage 
Range 


Input Voltage 
(DC) 


Output Current 
(DC Output 
HIGH) 


Operating 
Range 


Lead Temperature 
(Soldering, 
10 sec.) 


-7.0Vto 
GND 


VEEtOGND 


-50mA 


-5.5Vto 
-4.75V 


300°C 


Commercial 
Military 


Ambient 
Temperature 
(TA) 
Commercial 
Military 
O°C 
-55°C 


+ 75°C 
+125°C 


Commercial 
DC Electrical Characteristics 
VEE = 5.0V, Vcc 
= GND 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
TA 
Conditions 


VOH 
Output Voltage 
HIGH 
-1060 
-995 
-910 
mV 
O°C 
VIN = VIH or VIL, 
-1025 
-960 
-880 
mV 
+ 25°C 
Loading 
50n 
to -2V 


-980 
-910 
-830 
mV 
+ 75°C 


VOL 
Output Voltage 
LOW 
-1810 
-1705 
-1620 
mV 
O°Cto 
+ 75°C 


VIH 
Input Voltage 
HIGH 
-2.45 
V 
O°C 
Guaranteed 
Input HIGH 


-2.50 
V 
+ 25°C 


-2.60 
V 
+ 75°C 


VIL 
Input Voltage 
LOW 
-3.25 
V 
O°C 
Guaranteed 
Input LOW 


-3.30 
V 
+25°C 


-3.40 
V 
+ 75°C 


lEE 
Power Supply Current 
-90 
-65 
mA 
+25°C 
Input Open 


VEE 
Supply Voltage 
Range 
-5.25 
-5.0 
-4.75 
V 
O°Cto 
+ 75°C 


VREF 
Input Reference 
Voltage 
-2.9 
V 
+ 25°C 


Military DC Electrical Characteristics 
VEE = 
-5.0V, 
Vcc = GND 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
TA 
Conditions 


VOH 
Output Voltage 
HIGH 
-1100 
-1030 
-950 
mV 
-55°C 
VIN = VIH or VIL, 
-980 
-910 
-820 
mV 
+25°C 
Loading 
lOOn to - 2V 


-910 
-820 
-720 
mV 
+ 125°C 


VOL 
Output Voltage 
LOW 
-1810 
-1705 
-1620 
mV 
- 55°C to + 125°C 


VIH 
Input Voltage 
HIGH 
-2.35 
V 
-55°C 
Guaranteed 
Input HIGH 


-2.50 
V 
+ 25°C 


-2.70 
V 
+125°C 


VIL 
Input Voltage 
LOW 
-3.15 
V 
-55°C 
Guaranteed 
Input LOW 
-3.30 
V 
+ 25°C 


-3.50 
V 
+ 125°C 


lEE 
Power Supply Current 
-90 
-65 
mA 
+25°C 
Input Open 


VEE 
Supply Voltage 
Range 
-5.5 
-5.0 
-4.75 
V 
- 55°C to + 125°C 


VREF 
Input Reference 
Voltage 
-2.9 
V 
+ 25°C 


II)o~ 
Commercial and Military AC Electrical Characteristics 


.••• 
VEE = -5V, 
Vcc = GND, TA -55'C 
to + 125'C unless otherwise noted 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


fCOUNT 
MaximumSinusoidal 
1000 
MHz 
O'Cto + 75'C 
ACCoupled 


Input Frequency 
950 
-55'C 
to + 125'C 
800 mV 
Peak-to-Peak 
fCOUNT 
Minimum Sinusoidal 
25 
MHz 
Input 


Input Frequency 
(Note 2) 


SRMIN 
Slew Rate of Squareware 
50 
V/p.s 
(Note 1) 


Note 
1: Very low frequency 
operation 
is possible as long as sufficient 
slew rate of the input pulse edges is maintained. 


Note 2: Input drive shalt not exceed 1.5V pesk-to·peak 
max. 


AT = 50n termination 
of scope 


Ll = son transmission 
line 


C, 
~ 
0.1 f'F leadless capacitor, 
250 pF for F > 25 MHz 


A 1 = on for commercial 
grade, son 
for military grade 


R2 = 50n for commercial 
grade, 100n for military grade 


14 


Vcc 


VREF 
VEE 
6 
7 


Horizontal Scale = ns/dlv 
Vertical Scale = 200 mV/dlv 
••••••••• 


Input ~.~.~.~.II. 
1~lljlllj~lrj~lrj~1 
ltl"JI"JI"JI"lJl' 
l 
a~lIa,.a'IIIl'.~ 


Output 
••••••••• 
•••••••••••• 
•••••••• 


Horizontal Scale = 1 ns/dlv 
Vertical Scale = 200 mV/dlv 


'E 
1200 
Ii 
w... 
o~ 
'"~ 
!!:. 
i~i 
wz 
iii 


I 1 


+7~OC; 
/;25OC 
, 


\ 
I I 
; 
\ 
,1 
\ flI.. 
,V 


....•r-.... 
---~ 


400 
600 
800 
1000 


INPUT 
FREQUENCY 
- 
MHz 


FIGURE 
2. AC Input Requirements 


Note: Trigger amplitudes 
refer to the circuit end of the input cable as opposed 
to the signal generator 
end. 


A DC coupled input should be designed to provide specified 


VIH and VIL levels. For AC coupling, an external resistor 
mayor may not be necessary depending on the application. 
If an input signal is always present, only the capacitor is 
required because an internal 4000 resistor connected be- 
tween CP and VREF centers the AC signal about mid- 
threshold. For applications in which an input signal is not 


always present, AC coupling requires that an external 10 
KO resistor be connected between CP and VEE. This off- 
sets the input sufficiently to avoid extreme sensitivity to 
noise when no signal is present. Otherwise, noise triggering 
can lead to oscillation at about 450 MHz. For best opera- 
tion, both outputs should be equally loaded. 


• 


~ 
National 
~ 
Semiconductor 


11C06 
750 MHz D-Type Flip-Flop 


General Description 


The 11C06 
is a high-speed 
ECl 
D-Type 
Master-Slave 
Flip- 
Flop capable 
of toggle 
rates 
over 
750 
MHz. Designed 
pri- 
marily for high-speed 
prescaling, 
it can also be used in any 
application 
which 
does not require 
preset 
inputs. The circuit 
is voltage-compensated, 
which 
makes 
input thresholds 
and 


output 
levels 
insensitive 
to VEE variations. 
Complementary 
o and a outputs 
are provided, 
as are two Data inputs, Clock 
and Clock 
Enable 
inputs. The 11C06 is pin-compatible 
with 
the 
Motorola 
MC1690l 
but is a higher-frequency 
replace- 
ment. 


16-Pln DIP 
16-Pln Flatpak 


VCC1 
1 
16 
VCC2 
VCC1 
VCC2 


Q 
2 
15 
HC 
Q 
HC 


Q 
3 
14 
HC 
Q 
HC 


HC 
4 
13 
HC 
HC 
HC 


HC 
5 
12 
°2 
HC 
°2 


HC 
6 
11 
°1 
HC 
°1 


CP 
7 
10 
HC 
CP 
HC 


8 
9 
CE 
VEE 
CE 
VEE 


TLIF/9B90-2 


TL/F/9B90-1 


Truth Table 


Pin Names 
Description 


On 
Data Input 


CP 
Clock Input 


CE 
Clock Enable 
(Active 
lOW) 
o,a 
Outputs 


CE 
CP 
D 
Qn 


l 
l 
X 
On-1 
l 
H 
X 
°n-1 
l 
.../ 
l 
l 
l 
.../ 
H 
H 


H 
X 
X 
On-1 


H ~ 
HIGH Voltaga Lavel 
L - 
LOW Voltage Level 


X = Don't Care 
.../ 
~ 
LOW to HIGH Transrtion 


On -1 = Previous 
State 


please 
contact 
tne 
National 
Semiconductor 
Sales 
Lead Temperature 
(Soldering, 
10 sec.) 
300'C 
Office/Distributors 
for availability 
and specifications. 


Storage 
Temperature 
-65'C 
to + 150'C 
Recommended 
Operating 


Maximum 
Junction 
Temperature 
(TJ) 
+ 150'C 
Conditions 


Supply Voltage 
Range 
-7.0Vto 
GND 
Mln 
Typ 
Max 


Input Voltage 
(DC) 
VEEtoGND 
Supply Voltage 
(VEE) 
-5.7V 
-5.2V 
-4.7V 


Output Current 
(DC Output 
HIGH) 
-50mA 
Ambient 
Temperature 
(TAl 
O'C 
+ 75'C 


DC Electrical Characteristics 


VEE = 
-5.2V, 
Vcc = GND 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
TA 
Conditions 


VOH 
Output Voltage 
HIGH 
-1000 
-840 
mV 
O'C 
VIN = VIH (Max) or VIL (Min) per Truth 


-960 
-810 
mV 
+ 25'C 
Table Loading 
50n 
to -2V 


-900 
-720 
mV 
+ 75'C 


VOL 
Output Voltage 
LOW 
-1870 
-1635 
mV 
O'C 


-1850 
-1620 
mV 
+25'C 


-1830 
-1595 
mV 
+ 75'C 


VOHC 
Output Voltage 
HIGH 
-1020 
mV 
O'C 
VIN = VIH (Min) or VIL (Max) for On Inputs 
-980 
mV 
+ 25'C 
Loading 
50n 
to - 2V 


-920 
mV 
+75'C 


VOLC 
Output Voltage 
LOW 
-1615 
mV 
O'C 


-1600 
mV 
+25'C 


-1575 
mV 
+ 75'C 


VIH 
Input Voltage 
HIGH 
-1135 
-840 
mV 
O'C 
Guaranteed 
Input Voltage 
HIGH 


-1095 
-810 
mV 
+25'C 
for All Inputs 


-1035 
-720 
mV 
+ 75'C 


VIL 
Input Voltage 
LOW 
-1870 
-1500 
mV 
O'C 
Guaranteed 
Input Voltage 
LOW 


-1850 
-1485 
mV 
+ 25'C 
for All Inputs 


-1830 
-1460 
mV 
+75'C 


IIH 
Input Current 
HIGH 
VIN = VIH (Max) 
Clock Input 
250 
",A 
+ 25'C 


Data Input 
270 
",A 
+ 25'C 


IlL 
Input Current 
LOW 
0.5 
",A 
+ 25'C 
VIN = VIH (Min) 
- 


lEE 
Power Supply Current 
-59 
-40 
mA 
+ 25'C 
All Inputs Open 


AC Electrical Characteristics 


VEE = 
-5.2V, 
VCC = GND, TA = 
+25'C 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


tpHL 
Propagation 
Delay (CP-Q) 
0.7 
1.0 
1.2 
ns 


tPLH 
Propagation 
Delay (CP-Q) 
0.7 
1.0 
1.2 
ns 


tTLH 
Transition 
Time 20% to 80% 
0.5 
0.8 
1.0 
ns 
See Figure 
1 


tTHL 
Transition 
Time 80% to 20% 
0.5 
0.8 
1.0 
ns 


ts 
Set-upTime 
0.2 
ns 


tH 
Hold Time 
0.2 
ns 


fTOGCMAXl 
Toggle 
Frequency 
(CP) 
650 
750 
MHz 
See Figure 2, Note 


Note: The deviceis guaranteedlor lTOG(CP)" 600 MHz,fTOG(CE)" 550 MHzoverthe O'Cto +75'C temperaturerange. 
• 


Functional Description 
While the clock is LOW, the slave is held steady and the 
information on the D input is permitted to enter the master. 
The next transition from LOW to HIGH locks the master in 
its present state making it insensitive to the D input. This 
transition simultaneously connects the slave to the master 
causing the new information to appear on the outputs. Mas- 
ter and slave clock thresholds are internally offset in oppo- 
site directions to avoid race conditions or simultaneous 


master-slave changes when the clock has slow rise or fall 
times. 
The CP and CE inputs are logically identical, but physical 
constraints associated with the Dual-In-Line package make 
the CE input slower at the upper end of the toggle range. To 
prevent new data from entering the master on the next CP 
LOW cycle, CE should go HIGH while CP is still HIGH. 


---l 


I 
I 
I 


I 
Q: 
L 
J 


RT = 50n termination 
of scope 
L, = 50n impedance 
lines 
All input transition 
times are 2.0 ns ± 0.2 ns 


L, 
I_I 
O.lpF 
\ II 4000 


r--------l 
I 
0 
Q 
I 
I 
I 
I 
CP 
: 


I 
CE 
Q 
I 


L 
.J 


AT = son termination 
of scope 
L, = 500 
impedance lines 


Adjust 'IBII>.Stor +0.7'1 baseline 
0\ 
800 rnV peak·to-peak 
sinewave 
input. 


All input transition 
times are 2.0 ns ± 0.2 ns 


Horizontal Scale = 1.0 ns/div 


Vertical Scale ~ 200 mV/div 


• 


11C70 
Master-Slave D-Type Flip-Flop 


General Description 


The 11C70 is a high-speed 
ECL D-Type 
Master-Slave 
Flip- 
Flop capable 
of toggle 
rates 
over 650 
MHz. Designed 
pri- 
marily 
for communications 
and instrumentation, 
it can also 
be used in other 
digital 
applications 
and is fully compatible 
with 
10K 
ECL. Asynchronous 
Direct 
Set and 
Direct 
Clear 
inputs 
are provided 
which 
override 
the clock. 


The 
circuit 
is voltage-compensated, 
which 
makes 
output 
levels 
and 
input 
thresholds 
insensitive 
to 
VEE variations. 


This also allows 
operation 
with ECL supply 
voltage 
VEE of 
-5.2Vor 
with TTL supply Vcc 
of + 5.0V. Each input has an 
internal 
50 kfl 
pull-down 
resistor, 
which 
allows 
unused 
in- 
puts to be left open. 
Open 
emitter-follower 
outputs 
accom- 
modate 
a variety 
of loading 
and terminating 
schemes. 
The 
11C70 is pin-compatible 
with the Motorola 
MC1670 
but is a 
higher-frequency 
replacement. 


Pin Names 
Description 


CE 
Clock Enable (Active 
LOW) 


CP 
Clock Pulse 


D 
Data Input 
Q,a 
Outputs 


SD 
Direct Set 


CD 
Direct Clear 


VCC1 
1 


Q 
2 
Q 
3 


Co 
4 


So 
5 


HC 
6 


CP 
7 


VEE 
8 


16 
VCC2 


15 
HC 


14 
HC 


13 
HC 


12 
HC 


11 
0 


10 
HC 


9 
CE 


Inputs 
Qt+ 
1 
Operation 
So 
Co 
D 
CE 
CP 


H 
L 
X 
X 
X 
H 
Direct Set 


L 
H 
X 
X 
X 
L 
Direct Clear 


H 
H 
X 
X 
X 
- 
Intermediate 


L 
L 
X 
H 
.../ 
Qt 
Disable Clock 


L 
L 
H 
L 
.../ 
H 
Clocked 
Set 


L 
L 
L 
L 
.../ 
L 
Clocked 
Clear 


H ~ 
HIGH Voltage Level 
L ~ 
LOW Voltage Level 
X = Don't Care 
....r - 
LOW to HIGH Transition 
t, t + 1 = Time Before and After Clock Positive Transition 


please 
National 
Semiconductor 
Sales 


• WIIII 
.,.. 
.......... 
contact 
the 
Supply Voltage 
(VEE) 
-5.7V 
-5.2V 
-4.7V 
Office/Distributors 
for availability 
and specifications. 
Ambient 
Temperature 
(TA) 
O·C 
+ 75·C 
Storage 
Temperature 
- 65·C to + 150·C 


Maximum 
Junction 
Temperature 
(TJ) 
+ 150·C 


Supply Voltage 
Range 
-7.0Vto 
GND 


Input Voltage 
(DC) 
VEEto 
GND 


Output Current 
(DC Output 
HIGH) 
-50mA 


Operating 
Range 
-5.7V 
to -4.7V 


Lead Temperature 
(Soldering, 
10 sec.) 
300·C 


DC Electrical Characteristics 
VEE = 
-5.2V, 
Vee 
= 
GND 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
TA 
Conditions 


VOH 
Output Voltage 
HIGH 
-1000 
-840 
mV 
O·C 
VIN = VIHA or VILB per Truth 


-960 
-810 
mV 
+25·C 
Table 
Loading 
50.0. to -2V 


-900 
-720 
mV 
+ 75·C 


VOL 
Output Voltage 
LOW 
-1870 
-1665 
mV 
O·C 


-1850 
-1620 
mV 
+25·C 


-1850 
-1595 
mV 
+75·C 


VOHC 
Output Voltage 
HIGH 
-1020 
mV 
O·C 
VIN = VIHB or VILA for D Input 


-980 
mV 
+25·C 
Loading 
50.0. to - 2V 


-920 
mV 
+ 75·C 


VOLe 
Output Voltage 
LOW 
-1615 
mV 
O·C 


-1600 
mV 
+ 25·C 


-1575 
mV 
+75·C 


VIH 
Input Voltage 
HIGH 
-1135 
-840 
mV 
O·C 
Guaranteed 
Input Voltage 
HIGH 


-1095 
-810 
mV 
+25·C 
for All Inputs 


-1035 
-720 
mV 
+ 75·C 


VIL 
Input Voltage 
LOW 
-1870 
-1500 
mV 
O·C 
Guaranteed 
Input Voltage 
LOW 


-1850 
-1485 
mV 
+ 25·C 
for All Inputs 


-1830 
-1460 
mV 
+ 75·C 


IIH 
Input Current 
HIGH 
+25·C 
VIN = VIHA 
Clock Input 
250 
!LA 
Data Input 
270 
!LA 


So and Co 
550 
!LA 


IlL 
Input Current 
LOW 
0.5 
!LA 
+25·C 
VIN= 
VIHB 


lEE 
Power Supply Current 
-48 
mA 
+25·C 
All Inputs Open 


AC Electrical Characteristics 
VEE = 
-5.2V, 
Vee 
= 
GND, TA = 
+25·C 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


tpLH, tpHL 
Propagation 
Delay (CP-Q) 
1.1 
1.4 
ns 
See Figures 
3 and 4 


tpLH, tpHL 
Propagation 
Delay (So-O, Co-Q) 
1.3 
1.7 
ns 


tTLH 
Transition 
Time 20% to 80% 
0.9 
1.3 
ns 


tTHL 
Transition 
Time 80% to 20% 
0.9 
1.3 
ns 


fTOG(MAX) 
Toggle 
Frequency 
(CP) 
550 
650 
MHz 
See Figure 2 


Note: This device is guaranteed for fTOG(max)::::500 MHz over the DOG to + 75°C temperature range. 


Functional Description 


Master 
and 
slave 
clock 
thresholds 
are internally 
offset 
in 
opposite 
directions 
to avoid race conditions 
or simultaneous 
master-slave 
changes 
when 
the clock 
has slow rise or fall 
times. While the clock 
is lOW, 
the slave is in a HOLD condi- 
tion and information 
present 
on the D input is gated into the 
master. 
When the clock 
goes HIGH, it locks the master 
into 
its present 
state, 
making 
it insensitive 
to the D input, caus- 
ing the new information 
to appear 
on the outputs. 


The 
CP and CE inputs 
are logically 
identical, 
but physical 
constraints 
associated 
with the Dual In-Line package 
make 
the CE input slower at the upper end of the toggle 
range. To 
prevent 
new data from entering 
the master 
on the next CP 
lOW 
cycle, 
CE should 
be HIGH while CP is still HIGH. 


A HIGH signal on So or Co will override 
the clocked 
inputs 
and force 
Q or 5, respectively, 
to go HIGH. 
If both Co and 
So are HIGH, 
the two 
output 
voltages 
will be somewhere 
between 
the 
HIGH 
and 
lOW 
levels 
and 
thus, 
cannot 
be 
usefully 
defined. 


When the input signals for the 11C70 come from other 
ECl 
circuits, 
either 
11CXX series or 10K types, these circuits 
will 
automatically 
provide 
appropriate 
signal 
swings, 
provided, 
of course, 
that 
these 
circuits 
are operated 
within 
their 
rat- 
ings and that due consideration 
is given to terminations 
ap- 
propriate 
to the 
particular 
application, 
as discussed 
in the 
F100K 
ECl 
Design 
Guide 
(Section 
5 of Databook). 


For applications 
where the clock signal comes 
from a circuit 
type other than ECl 
(in high frequency 
prescaling, 
for exam- 
ple) it is generally 
necessary 
to use external 
components 
to 
shift 
the 
signal 
levels 
and 
center 
them 
about 
the 
11C70 
input threshold 
region. A typical 
biasing scheme 
is shown 
in 
Figure 
1. Resistors 
R1 and 
R2 are chosen 
such 
that 
the 


quiescent 
voltage 
at the CP input is - 1.3V with respect 
to 
the Vcc 
terminal 
of the 
11C70. Also 
indicated 
is the cou- 
pling from 5 back 
to the D input to make 
a simple 
toggle. 


The clock 
source 
should 
be designed 
to provide 
a signal 
swing 
in the 
range 
of 400 
mV to 1200 
mV, peak-to-peak, 
over 
the 
specified 
frequency 
and 
temperature 
range. 
To 
avoid 
saturating 
the 
input 
transistor, 
and thus 
limiting 
the 
frequency 
capability, 
the positive 
peak of the clock 
should 
not be more positive 
than 
-O.4V 
with respect 
to Vcc. 


The 
11C70 
outputs 
have 
no 
internal 
pull-down 
resistors. 


When driving a microstrip 
line terminated 
at the far end by a 
resistor 
returned 
to -2V 
(w.r.t. Vcc), 
the quiescent 
IOH cur- 
rent 
in the 
line performs 
the 
pull-down 
function 
when 
the 
output 
starts to go lOW. 
For series termination 
or for short 
unterminated 
lines, a 270n 
resistor 
to VEE will provide 
ade- 
quate 
pull-down 
current. 
The outputs 
switch 
slightly 
faster 
when 
both outputs 
are equally 
loaded 
than if only one out- 
put is loaded. 
Equal and opposite 
changes 
in Q and 5 load 
currents 
tend to cancel 
the effects 
of the small inductance 
of the Vcc 
pin. 


The test arrangements 
illustrate 
the use of split power 
sup- 
plies, 
with 
a 2V Vcc 
and 
-3.2V 
VEE' This 
is done 
as a 
matter 
of instrumentation 
convenience, 
since 
it allows 
the 
outputs 
to be connected 
via 50n 
cables 
directly 
to the sam- 
pling 
scope 
inputs, 
which 
have 
50n 
internal 
terminations. 


By thus 
avoiding 
the 
use of probes, 
test 
correlation 
prob- 
lems 
between 
supplier 
and 
user 
are 
minimized. 
In actual 
applications, 
only 
a single 
power 
supply 
is needed, 
and 
ground 
can be assigned 
to Vcc, 
as in ECl 
systems 
or to 
VEE side as in TIl 
systems. 
RF bypass 
capacitors 
are rec- 


ommended 
in either 
case. 


r ---------, 
vcc 
I 
I 
L..- 


c 
Q 
I 


O.1pF 
"No---j 


r 
-, 
I 
I 
~ 
I \ 
SCOPE 
I 


CP 
Q 
I 
\ I 
CHAN 
B 


I 
CE 
I 1 
I 
I 
I 
0 
Q 
I 
Co 
I 
L ---- 
__ 
-.1 
RT 


RT = 50n 
termination 
of scope 


L1 = 50n 
impedance 
lines 


Adjust 
VSIAS for 
± O.7V baseline 
of 


800 mV peak-ta-peak 
sinewave input 
j 
\ 
j \ 


+1.11V 


VON 


L""o"",==j 


+O.31V 


VOUT 
\ 
/ 


TL/F/9891-S 
II 
FIGURE 2. Toggle Frequency Test Circuit 
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11C90/11C91 
650 MHz Prescalers 


General Description 
The 11C90 and 11C91 are high-speed prescalers designed 
specifically for communication and instrumentation applica- 
tions. All discussions and examples in this data sheet are 
applicable to the 11C91 as well as the 11C90. 
The 11C90 will divide by 10 or 11 and the 11C91 by 5 or 6, 
both over a frequency range from DC to typically 650 MHz. 
The division ratio is controlled by the Mode Control. The 
divide-by-10 or -11 capability allows the use of pulse swal- 
lowing techniques to control high-speed counting modulos 
by lower-speed circuits. The 11C90 may be used with either 
ECl or TIl 
power supplies. 
In addition to the ECl outputs a and a, the 11C90 contains 
an ECl-to-TIl 
converter and a TIl 
output. The TIl 
output 


operates from the same Vee and VEElevels as the counter, 
but a separate pin is used for the TIl 
circuit VEE.This mini- 


mizes noise coupling when the TIl 
output switches and 


also allows power consumption to be reduced by leaving 
the separate VEEpin open if the TIl 
output is not used. 


To facilitate capacitive coupling of the clock signal, a 4000 
resistor (VREF)is connected internally to the Vss reference. 
Connecting this resistor to the Clock Pulse input (CP) auto- 
matically centers the input about the switching threshold. 
Maximum frequency operation is achieved with a 50% duty 
cycle. 
Each of the Mode Control inputs is connected to an internal 
2 kO resistor with the other end uncommitted (RM1 and 
RM2).An M input can be driven from a TIl 
circuit operating 


from the same Vee by connecting the free end of the asso- 
ciated 2 kO resistor to VeeA. When an M input is driven 
from the ECl circuit, the 2 kO resistor can be left open or, if 
required, can be connected to VEE to act as a pull·down 
resistor. 


Ordering Code: See Section 8 


Logic Symbol 


a 


Q 


aTTL 


Pin Names 
Description 


CE 
Count Enable Input (Active lOW) 


CP 
Clock Pulse Input 


Mn 
Count Modulus Control Input 


MS 
Asynchronous Master Set Input 
a,a 
EClOutputs 
aTIl 
TIlOutput 


RMn 
2 kO Resistor to Mn 


VREF 
4000 Resistor to Vss 


16 
CP 


15 
VREF 
14 
t.lS 


13 
VEE 


12 
VEE 
110m 


10 
HC 


9 
Q 


Absolute Maximum Ratings 
Recommended 
Operating 
Above 
which 
the useful 
life may be impaired 
Conditions 
If 
Military/Aerospace 
specified 
devices 
are 
required, 
Mln 
Typ 
Max 
please 
contact 
the 
National 
Semiconductor 
Sales 
Ambient 
Temperature 
(TA) 
Office/Distributors 
for 
availability 
and 
specifications. 
Commercial 
O·C 
+7S·C 
Storage 
Temperature 
- 6S·C to + 1S00C 
Military 
-SS·C 
+ 12S·C 


Maximum 
Junction 
Temperature 
(TJ) 
+1S0·C 
Supply Voltage 
(VEE) 
Supply Voltage 
Range 
-7.0VtoGND 
Commercial 
-S.7V 
-S.2V 
-4.7V 


Input Voltage 
(DC) 
VEEto 
GND 
Military 
-S.7V 
-S.2V 
-4.7V 


Output Current 
(DC Output 
HIGH) 
-SOmA 


Operating 
Range 
-S.7Vto 
-4.7V 


Lead Temperature 


(Soldering. 
10 sec.) 
300·C 


TTL Input/Output 
Operation 


DC Electrical Characteristics 
Over Operating 
Temperature 
and Voltage 
Range 
unless 
otherwise 
noted. 
Pins 12 and 13 = GND 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 
(Note 
3) 


VIH 
Input HIGH Voltage 
4.1 
V 
Guaranteed 
Input HIGH Threshold 
M1 and M2 Inputs 
Voltage 
(Note 4). Vee = VeeA = S.OV 


VIL 
Input LOW Voltage 
3.3 
V 
Guaranteed 
Input LOW Threshold 
M1 and M2 Inputs 
Voltage 
(Note 4), Vee = VeeA = S.OV 


VOH 
Output 
HIGH Voltage 
2.3 
3.3 
V 
Vee = VeeA = Min. 
QTTLOutput 
IOH = -640/LA 


VOL 
Output 
LOW Voltage 
0.2 
O.S 
V 
Vee = VeeA = Min. 


QTTLOutput 
IOL = 20.0 mA 


IlL 
Input LOW Current 
-2.3 
-S.O 
mA 
Vee = VeeA = Max. 
M1 and M2 Inputs 
VIN = OAV. Pins 6.7 = Vee 


Ise 
Output Short Circuit 
-20 
-3S 
-80 
mA 
Vee = VeeA = Max. 
Current 
VOUT = O.OV. Pin 14 = Vee 


AC Electrical Characteristics 
Vee = VeeA = S.OV Nominal. 
VEE = GND. TA = 
+2S·C 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


tpLH 
Propagation 
Delay. (SO% to SO%) 
6 
10 
14 
ns 
See Figure 
1 


tpHL 
CPto 
QTTL 


tpLH 
Propagation 
Delay. (SO% to SO%) 
12 
17 
ns 
MStoQTTL 


ts 
Mode Control 
Setup Time 
4 
2 
ns 


th 
Mode Control 
Hold Time 
0 
-2 
ns 


tTLH 
Output 
Rise Time 
10 
ns 
(20% to 80%) 


tTHL 
Output 
Fall Time 
2 
ns 
(80% to 20%) 


fMAX 
Count Frequency 
SSO 
6S0 
MHz 
- SS·C to + 12S·C 
600 
6S0 
O·Cto 
+7S·C 
Clock Input AC Coupled 
3S0 mV Peak-to-Peak 
Sinewave 
(Note S) • 


ECl Operation-Commercial 
Version 


DC Electrical Characteristics 
Vee = VeeA = GND, VEE = -5.2V 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
TA 
Conditions 


VOH 
Output 
HIGH Voltage 
-1060 
-995 
-905 
O"C 
Load = 50n 
to -2V 


Q andQ 
-1025 
-960 
-880 
mV 
+25"C 


-980 
-910 
-805 
+ 75"C 


VOL 
Output 
LOW Voltage 
-1820 
-1705 
-1620 
mV 
O"Cto 


QandQ 
+ 75"C 


VIH 
Input HIGH Voltage 
-1135 
-840 
O"C 
Guaranteed 
Input HIGH 


-1095 
-810 
mV 
+ 25"C 
Signal (Note 6) 


-1035 
-720 
+ 75"C 


VIL 
Input LOW Voltage 
-1870 
-1500 
O"C 
Guaranteed 
Input LOW 


-1850 
-1485 
mV 
+25"C 
Signal 


-1830 
-1460 
+ 75"C 


IIH 
Input HIGH Current 
VIN = VIHA 


CP Input (Note 1) 
400 
+25"C 


MS Input 
400 
J-LA 
+25"C 


M1 and M21nput 
250 
+25"C 


IlL 
Input LOW Current 
0.5 
J-LA 
+25"C 
VIN = VILB 


lEE 
Power Supply Current 
-110 
-75 
mA 
O"Cto 
Pins 6, 7, 13 not connected 


-119 
+ 75"C 


VEE 
Operating 
Supply 
-5.7 
-5.2 
-4.7 
V 
O"Cto 


Voltage 
Range 
+ 75"C 


VREF 
Reference 
Voltage 
-1550 
-1150 
mV 
+ 25"C 
VRM1 = VRM2 = -5.2V 
IN = -10.0 
J-LA 


AC Electrical Characteristics 
TA = O"C to + 75"C, Vee = VeeA = GND, VEE = -5.2V 


Symbol 
Parameter 
O"C 
+2S"C 
+7S"C 
Units 
Conditions 
Typ 
Min 
Typ 
Max 
Typ 


tpLH 
Propagation 
Delay, 
1.8 
1.3 
2.0 
3.0 
2.5 
ns 
Output: 


tpHL 
(50% to 50%) CP to Q 
RL = 50n 
to -2.0V 


tpLH 
Propagation 
Delay, 
3.7 
4.0 
6.0 
4.5 
ns 
Input: 
(50% to 50%) 
MS to Q 
tri = tli = 2.0 ±0.1 
ns 
ts 
Setup Time, M to CP 
2.0 
4.0 
2.0 
2.0 
ns 
(20% to 80%) 


th 
Hold Time, M to CP 
-2.0 
0.0 
-2.0 
-2.0 
ns 
See Figure 
1 


tTLH 
Output 
Rise Time 
1.0 
1.0 
2.0 
1.0 
(20% to 80%) 
ns 


tTHL 
Output 
Fall Time 
1.0 
1.0 
2.0 
1.0 
(80% to 20%) 
ns 


fMAX 
Maximum 
Clock Frequency 
AC Coupled 
Input 350 mV 


650 
600 
650 
625 
MHz 
Peak-to-Peak. 
fMAX is 


Guaranteed 
to be 575 MHz 


Min at O"C to + 75"C. 


ECl Operation-Military 
Version 


DC Electrical Characteristics 
Vee = VeeA = GND, VEE = 
-5.2V 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
TA 
Conditions 


VOH 
Output 
HIGH Voltage 
-1100 
-1030 
-900 
-55°C 
Load = 100.0. to -2V 


QandQ 
-980 
-910 
-820 
mV 
+ 25°C 


-910 
-820 
-670 
+125°C 


VOL 
Output 
LOW Voltage 
-1820 
-1705 
-1620 
mV 
-55°C 
to 


QandQ 
+125°C 


VIH 
Input HIGH Voltage 
-1190 
-905 
-55°C 
Guaranteed 
Input HIGH 


-1095 
-810 
mV 
+ 25°C 
Signal (Note 6) 


-975 
-690 
+125°C 


VIL 
Input LOW Voltage 
-1890 
-1525 
-55°C 
Guaranteed 
Input LOW 


-1850 
-1485 
mV 
+ 25°C 
Signal 


-1800 
-1435 
+ 125°C 


IIH 
Input HIGH Current 
VIN = VIHA 
CP Input (Note 1) 
400 
+ 25°C 


MS Input 
400 
p.A 
+ 25°C 


M1 and M2 Input 
250 
+25°C 


IlL 
Input LOW Current 
0.5 
p.A 
+25°C 
VIN = VILB 


lEE 
Power Supply Current 
-110 
-75 
mA 
+ 25°C 
Pins 6, 7, 13 not connected 


-119 
mA 
-55°C 
to 
+125°C 


VEE 
Operating 
Supply 
-5.7 
-5.2 
-4.7 
V 
-55°C 
to 


Voltage 
Range 
+ 125°C 


VREF 
Reference 
Voltage 
-1550 
-1150 
mV 
+25°C 
VRM1 = VRM2 = -5.2V 
IN = -10.0 
p.A 


AC Electrical Characteristics 
TA = 
-55°C 
to + 125°C, Vee = VeeA = GND, VEE = -5.2V 


Symbol 
Parameter 
-55°C 
+ 25°C 
+ 125°C 
Units 
Conditions 
Typ 
Mln 
Typ 
Max 
Typ 


tpLH 
Propagation 
Delay, 
1.5 
1.3 
2.0 
3.0 
3.0 
ns 
Output: 
tpHL 
(50% to 50%) CP to Q 
RL = 50.0. to -2.0V 


tpLH 
Propagation 
Delay, 
3.5 
4.0 
6.0 
5.0 
ns 
Input: 
(50% to 50%) 
MS to Q 


Setup Time, M to CP 
tn = tli = 2.0 ±0.1 
ns 


ts 
2.0 
4.0 
2.0 
2.0 
ns 
(20% to 80%) 


th 
Hold Time, M to CP 
-2.0 
0.0 
-2.0 
-2.0 
ns 
See Figure 
1 


tTLH 
Output 
Rise Time 
1.0 
1.0 
2.0 
1.0 
ns 
(20% to 80%) 


tTHL 
Output 
Fall Time 
1.0 
1.0 
2.0 
1.0 
ns 
(80% to 20%) 


fMAX 
Maximum 
Clock Frequency 
AC Coupled 
Input 350 mV 


700 
600 
650 
600 
MHz 
Peak-to-Peak. 
fMAX is 


Guaranteed 
to be 550 MHz 


Min at - 55°C to + 125°C. 


Note 
1: Conditions 
for testing, not shown in the Table, 
are chosen to guarantee 
operation 
under "worst case" 
conditions. 


Note 
2: The specified 
limits represent 
the "worst case" 
value for the parameter. 
Since these "worst case" values normally occur at the temperature 
and supply 
voltage 
extremes. 
additional 
noise immunity and guard banding can be achieved 
by decreasing 
the allowable 
system operating 
ranges. 


Note 3: Typical limits are at Vcc = 5.QV and TA = + 2S·C. 


Note 
4: The M, and M2 threshold 
specifications 
are normally referenced 
to the Vcc potential, 
as shown in the Eel 
operation 
tables. 
Using VEE (GND) 
as the 
reference,asin normalTIL practice,effectivel~makesthe thlesholdval'j dlrecl\~withVcc. Thresholdis typically1.3VbelowVcc (e.g.. +3.7V at Vcc = +5V). A 
signal swing about threshold of ±O.4V is adequate, 
which gives the state VIH and VIL values. The internal 2 kfi resistors are intended to pull TTl 
outputs up to the 
required VIH range, as discussed 
in the Functional 
Description 
and shown in Figure 5. 


Note 
5: TTl 
Output Signal swing is guaranteed 
at fMAX over temperature 
range. 


Note 
6: M1 or M2 can be tied to Vcc for fixed divide-by-ten 
operation. 
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Condillona: 


Vcc 
~ 
+2.0V 
VEE ~ 
-3.2V 
RT ~ 500 
lscope input impedance) 
CL - 
Jig and stray capacitance 
< 5.0 pF 


11 = l2 = equal son impedance 
lines 


C = 0.' pF 


Note 7: Use high impedance 
to test aTIL. 


Connect pin '3 to VEE. 


Note 
8: For 
High 
frequency 
test 
use 
AC 
coupled 
input 
as 
in Figur9 3. 


Adjust input amplitude 
to 350 mV peak-te-peak. 
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shift 
counter 
driving 
the 
fourth 
Flip-Flop 
operating 
as an 


asynchronous 
toggle. 
The 
internal 
feedback 
logic 
is such 


that the TTl 
output 
and the Q ECl 
output 
are HIGH for six 
clock 
periods 
and 
lOW 
for five 
clock 
periods. 
The 
Mode 
Control 
(M) inputs 
can 
modify 
the 
feedback 
to make 
the 


output 
HIGH for five clock 
periods 
and lOW 
for five clock 
periods, 
as indicated 
in the Count 
Sequence 
Table. 


The feedback 
logic is such that the instant 
the output 
goes 


HIGH, 
the 
circuit 
is already 
committed 
as to whether 
the 


output 
period 
will 
be 
10 or 
11 clock 
periods 
long. 
This 


means 
that 
subsequent 
changes 
in an M input 
signal, 
in- 


clUding 
decoding 
spikes, 
will have no effect 
on the current 


output 
period. 
The only timing 
restriction 
for an M input sig- 
nal is that 
it be in the desired 
state 
at least 
a setup 
time 


before 
the clock 
that follows 
the HHll 
state 
shown 
in the 


table. The allowable 
propagation 
delay through 
externallog- 
ic to an M input 
is maximized 
by designing 
it to use the 
positive 
transition 
of the 
11C90 output 
as its active 
edge. 
This 
gives 
an allowable 
delay 
of ten clock 
periods, 
minus 


the CP to Q delay of the 11C90 and the M to CP setup time. 
If the external 
logic uses the negative 
output transition 
as its 


active 
edge, 
the 
allowable 
delay 
is reduced 
to five 
clock 


periods 
minus 
the 
previously 
mentioned 
delay 
and 
setup 


time. 


Capacitively 
coupled 
triggering 
is simplified 
by the 400D. re- 


sistor 
which 
connects 
pin 15 to the internal 
VBB 
reference. 
By connecting 
this to the CP input, as shown in Figure 3, the 


clock 
is automatically 
centered 
about the input threshold. 
A 


clock 
duty 
cycle 
of 
50% 
provides 
the 
fastest 
operation, 
since the Flip-Flops 
are Master-Slave 
types with offset clock 


thresholds 
between 
master 
and slave. This feature 
ensures 


that 
the 
circuit 
will 
operate 
with 
clock 
waveforms 
having 


very slow rise and fall times, 
and thus, there is no maximum 


frequency 
restriction. 
Recommended 
minimum 
and 
maxi- 
mum clock 
amplitude 
as a function 
of a frequency 
and tem- 


perature 
are shown 
in the graph labeled 
Figure 2. When the 
CP or any other 
input 
is driven 
from 
another 
ECl 
circuit, 


normal 
ECl 
termination 
methods 
are recommended. 
One 
method 
is indicated 
in Figure 
4. 
Other 
ECl 
termination 


methods 
are 
discussed 
in the 
F100K 
ECl 
Design 
Guide 


(Section 
5 of Databook). 
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TL/F/9892-5 
FIGURE 
2. AC Coupled 
Triggering 
Characteristics 


O.lIlF 


'IN~( 
I 


181 cp 
Q;;=VREF 
L 
_ 


TL/F/9892-10 


FIGURE 
3. Capacltively 
Coupled 
Clocking 


11C90/11C91 


R, 1---- 
I 
16 
CP 


VTT 
IL 
_ 


ZoD. 
50 
75 
100 


R1D. 
80.6 
121 
162 


R2D. 
130 
196 
261 


VEE ~ 
-5.2V, 
vcc ~ OV, vn 
~ -2.0V 


FIGURE 
4. Clocking 
by ECl 
Source 
via Terminated 
Line 


When an M input is to be driven from a TTl 
output operating 


from 
the 
same 
Vcc 
and 
ground 
(VEE), the 
internal 
2 kD. 


resistor 
can be used to pull the TTl 
output 
up as shown 
in 


Figure 
5. Some 
types 
of TTl 
outputs 
will 
only 
pull 
up to 
within two diode drops of Vcc, 
which 
is not high enough 
for 


11C90 inputs. The resistor 
will pull the signal up through 
the 
threshold 
region, 
although 
this final rise may be somewhat 


slow, 
depending 
on wiring 
capacitance. 
A resistor 
network 


that gives faster 
rise and also lower impedance 
is shown 
in 


Figure 
6. 


TLiF/9892-12 


FIGURE 
5. Using 
Internal 
Pull-Up 
with 
TTl 
Source 


11Ctol11 Cll 
r--- 
I 
IL 
_ 
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FIGURE 
6. Faster 
low 
Impedance 
TTl 
to ECl 
Interface • 


2 K!! 


0, 
0 
O. 
0 
M, 
M, 


CP 
~ 
2KI! 
So 


ce 


CP 


MS 


Functional Description (Continued) 
The ECL outputs have no pull-down resistors and can drive 
series or parallel terminated transmission lines. For short 
interconnections that do not require impedance matching, a 
2700 to 5100 resistor to VEEcan be used to establish the 
VOL level. Both Vcc pins must always be used and should 


be connected together as close to the package as possible. 
Pin 12 must always be connected to the VEE side of the 
supply, while pin 13 is required only if the TIL 
output is 


used. Low impedance Vcc and VEEdistribution and RF by- 
pass capacitors are recommended to prevent crosstalk. 


TLiF/9892-6 


Note: This diagram is provided for understanding 
of logic operation only. It should not be used for evaluation 
of propagation 
delays as many internal functions are 
achieved more efficiently 
than shown. 


Count Sequence Table 11C90 


01 
02 
03 
04(QTTL) 


H 
H 
H 
H 
:11 


710 
L 
H 
H 
H 
L 
L 
H 
H 
L 
L 
L 
H 
H 
L 
L 
H 
H 
H 
L 
H 
L 
H 
H 
L 
L 
L 
H 
L 
L 
L 
L 
L 


H 
L 
L 
L 
H 
H 
L 
L 
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Note: A HIGH on MS forces all as HIGH. 


Inputs 
Output 


MS 
CE 
M1 
M2 
Response 


H 
X 
X 
X 
Set HIGH 


L 
H 
X 
X 
Hold 


L 
L 
L 
L 
711 


L 
L 
H 
X 
710 


L 
L 
X 
H 
710 


H ~ HIGH Voltage Level 
L = LOW Voltage Level 
X ~ Don't eare 


[~ 


Inputs 
Output 


MS 
CE 
M1 
M2 
Response 


H 
X 
X 
X 
Set HIGH 


L 
H 
X 
X 
Hold 


L 
L 
L 
L 
-<-6 


L 
L 
X 
H 
-<-5 


L 
L 
H 
X 
-<-5 


H = HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = Don't Care 


Section 5 
ECl BiCMOS SRAMs 
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~ 
National 
~ 
Semiconductor 


NM5100/NM100500 
ECl 1/0 256k BiCMOS SRAM 
262,144 x 1 Bit 


General Description 


The NM5100 
and NM100500 
are a 262,144-bit 
fully static, 
asynchronous, 
random 
access 
memories 
organized 
as 


262,144 
words 
by 1 bit. The devices 
are based 
on Nation- 
al's advanced 
one micron 
BiCMOS 
III process. 
This process 


utilizes 
advanced 
lithography 
and 
processing 
techniques 


with double 
polysilicon 
and double 
metal bringing 
high den- 


sity CMOS 
to performance 
driven 
ECl 
designs. 
National's 


combination 
of high performance 
technology 
and speed op- 


timized 
circuit 
designs 
results 
in a very high speed 
memory 


device. 


The 
NM5100 
operates 
with 
a supply 
voltage 
of 
-5.2V 


± 5%, yet the input and output 
voltage 
levels 
are tempera- 


ture 
compensated 
100k 
ECl 
compatible. 
The 
NM100500 


operates 
with a - 4.2V to - 4.8V supply voltage. 


Reading 
the 
memory 
is accomplished 
by pulling 
the 
chip 


select 
(S) pin lOW 
while 
the write 
enable 
(W) pin remains 


HIGH allowing 
the memory 
contents 
to be displayed 
on the 


output 
pin (0). The output 
pin will remain 
inactive 
(lOW) 
if 


either the chip select 
(S) pin is HIGH or the write enable 
(W) 


pin is lOW. 


Writing 
to the 
device 
is accomplished 
by having 
the 
chip 


select 
(S) and the write enable 
(W) pins lOW. 
Data on the 


input pin will then be written 
into the memory 
address 
speci- 


fied on the address 
pins (AO-A17). 


Features 


• 
15 ns/18 
ns speed 
grades 
over the commercial 
temperature 
range 


• 
Balanced 
read and write cycle 
times 


• 
Write 
cycle 
timing 
allows 
33% 
of cycle 
time for system 


skews 


• 
Temperature 
compensated 
F100k 
ECl 
1/0 


• 
Power 
supply 
-5.2V 
±5% 
(NM5100) 


• 
Power 
supply 
-4.2V 
to 
-4.8V 
(NM100500) 


• 
low 
power 
dissipation 
< 1.1W 


• 
Soft error 
rate less than 
100 FIT 


• 
Over 2000V 
ESD protection 


• 
One micron 
BiCMOS 
III process 
technology 


• 
Over 200 mA latch-up 
immunity 


• 
low 
inductance, 
high density 
24-pin 
flatpack 


Connection 
Diagrams 
365 x 535 Ceramic 
Flatpack 


400 Mil Ceramic 
DIP 
(30 Mil Lead Pitch) 


A16 
1 
24 
A15 


Q 
24 
Vcc 
A17 
2 
23 
AU 


AO 
23 
0 
Vi 
3 
22 
A13 


Al 
22 
5 
5 
4 
21 
A12 


A2 
21 
Vi 
0 
5 
20 
All 


A3 
20 
A17 
Vcc 
6 
19 
AID 


A4 
19 
A16 
Q 
7 
18 
VEE 


A5 
18 
A15 
AD 
8 
17 
A9 


A6 
8 
17 
A14 


Al 
9 
16 
A8 


A2 
10 
15 
A7 
A7 
9 
16 
A13 


A3 
11 
14 
A6 


A8 
10 
15 
A12 


A4 
12 
13 
A5 


A9 
11 
14 
All 


VEE 
12 
13 
A10 
TLID/9451-2 


Top View 
TL/O/9451-1 
Top View 
Pin Names 


AO-A17 
Address 
Inputs 


S 
Chip Select 


W 
Write Enable 
0 
Data Out 


D 
Data In 


Vcc 
Ground 


VEE 
Power 
• 


~ 
National 
~ 
Semiconductor 


General Description 


The 
NM5104 
and 
NM100504 
are 262,144-bit 
fuily 
static, 
asynchronous, 
random 
access 
memories 
organized 
as 


65,536 
words 
by 4 bits. The device 
is based 
on National's 


advanced 
one micron 
SiCMOS 
III process. 
This process 
uti- 


lizes advanced 
lithography 
and processing 
techniques 
with 


double 
polysilicon 
and double 
metal 
bringing 
high density 


CMOS to performance 
driven ECl 
designs. 
National's 
com- 
bination 
of high 
performance 
technology 
and 
speed 
opti- 
mized 
circuit 
designs 
results 
in a very high speed 
memory 


device. 


The 
NM5104 
operates 
with 
a 
supply 
voltage 
of 
-5.2V 


± 5%, yet the input and output 
voltage 
levels 
are tempera- 
ture 
compensated 
100K 
ECl 
compatible. 
The 
NM100504 


operates 
with a -4.2V 
to -4.8V 
supply voltage. 


Reading 
the 
memory 
is accomplished 
by puiling 
the 
chip 


select 
(5) pin lOW 
while 
the write 
enable 
(IN) pin remains 


HIGH ailowing 
the memory 
contents 
to be displayed 
on the 


output 
pins (00-03). 
The output 
pins wiil remain 
inactive 
(lOW) 
if either 
the chip select 
(5) pin is HIGH or the write 


enable 
(IN) pin is lOW. 


Writing 
to the 
device 
is accomplished 
by having 
the 
chip 


select 
(5) and the write enable 
(IN) pins lOW. 
Data on the 


input 
pins 
will 
then 
be written 
into 
the 
memory 
address 


specified 
on the address 
pins (AO-A15). 


Features 


• 
Speed 
Grades: 
12 ns/15 
ns/18 
ns 


• 
Speed 
Grades: 
15 ns/18 
ns (NM100504) 


• 
Salanced 
read and write 
cycle 
times 


• 
Write 
cycle 
timing 
ailows 
33% 
of cycle 
time 
for system 


skews 


• 
Temperature 
compensated 
F100K 
ECl 
I/O 


• 
Power 
supply 
-5.2V 
to 
±5% 
(NM5104) 


• 
Power 
supply 
-4.2V 
to 
-4.8V 
(NM100504) 


• 
low 
power 
dissipation 
<1.4W 
@ 50 MHz 


• 
Soft error rate less than 
100 FIT 


• 
Over 2000V 
ESD protection 


• 
One micron 
SiCMOS 
III process 
technology 


• 
Over 200 mA latch-up 
immunity 


• 
low 
inductance, 
high density 
28-pin 
flatpak 
and 
28-pin 


ceramic 
DIP 


28-Pin Ceramic 
DIP 
28-Pln Ceramic 
Flatpak 
(30 Mil lead 
Pitch) 


02 
28 
vee 
DO 
1 
28 
S 


03 
27 
01 
01 
2 
27 
Vi 


AD 
26 
QD 
02 
3 
26 
A15 


Al 
25 
03 
03 • 
25 
AI. 


A2 
2. 
02 
QD 
5 
2. 
A13 


A3 
23 
01 
01 
6 
23 
A12 


A' 
22 
DO 
Vcc 
7 
22 
All 


A5 
21 
02 
8 
21 
V[[ 


A6 
20 
Vi 
03 
9 
20 
Al0 


AO 
10 
19 
A9 
A7 
10 
19 
A15 


Al 
11 
18 
AS 
A8 
11 
18 
Al. 
A2 
12 
17 
A7 
A9 
12 
17 
A13 


A3 
13 
16 
A6 
Al0 
13 
16 
AI2 


A' 
14 
15 
A5 


V" 
1. 
15 
All 


TLiD/l0390-2 


Tl/D/l0390-1 
Top View 
Top View 


Pin Names 


AO-A15 
Address 
Inputs 


S 
Chip Select 


W 
Write Enable 


00-03 
Data Out 


DO-D3 
Data In 


Vcc 
Ground 


VEE 
Power 


~National 
~ 
Semiconductor 


General Description 


The 
NM100494 
is a 65,536-bit 
fully 
static, 
asynchronous, 
random 
access 
memory 
organized 
as 16,384 
words 
by 4 


bits. The device 
is based 
on National's 
advanced 
one 
mi- 
cron 
BiCMOS 
III process. 
This 
process 
utilizes 
advanced 


lithography 
and processing 
techniques 
with double 
polysili- 


con and double 
metal 
bringing 
high density 
CMOS 
to per- 


formance 
driven 
ECl 
designs. 
National's 
combination 
of 


high 
performance 
technology 
and 
speed 
optimized 
circuit 


designs 
results 
in a very high speed 
memory 
device. 


The 
NM100494 
operates 
with 
a 
-4.2V 
to 
-4.8V 
supply 


voltage. 
Reading 
the memory 
is accomplished 
by pulling the 


chip select 
(S) 
pin lOW 
while 
the write 
enable 
C'Nl pin re- 


mains 
HIGH allowing 
the memory 
contents 
to be displayed 


on the 
output 
pins (00-03). The 
output 
pins 
will 
remain 


inactive 
(lOW) 
if either the chip select 
(S) pin is HIGH or the 


write enable 
(W) pin is lOW. 


Writing 
to the 
device 
is accomplished 
by having 
the 
chip 


select 
(S) and the write enable 
(W) pins lOW. 
Data on the 


input 
pins 
will 
then 
be 
written 
into 
the 
memory 
address 


specified 
on the address 
pins (AO-A13). 


Features 


• 
15 ns/18 
ns speed 
grades 
over 
the 
commercial 
tem- 


perature 
range 


• 
Balanced 
read and write 
cycle 
times 


• 
Write 
cycle 
timing 
allows 
33% 
of cycle 
time 
for system 


skews 


• 
Temperature 
compensated 
F100K 
ECl 
I/O 


• 
Power 
supply 
-4.2V 
to -4.8V 


• 
low 
power 
dissipation 
< 1.3W 
@ 50 MHz 


• 
Soft error rate less than 
100 FIT 


• 
Over 2000V 
ESD protection 


• 
One micron 
BiCMOS 
III process 
technology 


• 
Over 200 mA latch-up 
immunity 


• 
low 
inductance, 
high density 
28-pin 
flatpak 
and 
28-pin 


ceramic 
DIP 


Connection 
Diagrams 


28-Pln 
Ceramic 
DIP 
28-Pln Ceramic 
Flatpak 
(30 Mil Lead Pitch) 


DO 
t 
28 
S 
S 
DO 
t 
28 


01 
2 
27 
Vi 
Ot 
2 
27 
Vi 
02 
3 
26 
NC 
02 
3 
26 
NC 
03 
4 
25 
At3 
03 
4 
25 
At3 
00 
5 
24 
At2 
00 
5 
24 
At2 


01 
6 
23 
Att 
Ot 
6 
23 
Att 


Vrx; 
7 
22 
AtO 
Vrx; 
7 
22 
AtO 


Vrx;o 
8 
21 
VEE 
02 
8 
21 
VEE 


02 
9 
20 
A9 
03 
9 
20 
A9 


03 
to 
t9 
A8 
NC 
to 
19 
A8 


AD 
tl 
t8 
A7 
AO 
tt 
t8 
A7 


A1 
t2 
t7 
A6 
AI 
t2 
17 
A6 


A2 
t3 
t6 
A5 
A2 
t3 
t6 
A5 


A3 
t4 
t5 
A4 
A3 
t4 
t5 
A4 


TL/D/l0391-3 


TLID/10391-2 
Top View 
TOp View 
Pin Names 


AO-A13 
Address 
Inputs 


S 
Chip Select 


W 
Write Enable 
00-03 
Data Out 


00-03 
Data In 


Vcc 
Ground 


VEE 
Power 
• 


~National 
~ 
Semiconductor 


General Description 


The NM1 0494 is a 65,536-bit 
fully static, asynchronous, 
ran- 
dom access 
memory 
organized 
as 16,384 
words 
by 4 bits. 
The 
device 
is based 
on National's 
advanced 
one 
micron 
BiCMOS 
III process. 
This process 
utilizes 
advanced 
lithog- 
raphy 
and 
processing 
techniques 
with 
double 
polysilicon 
and double 
metal 
bringing 
high density 
CMOS 
to perform- 
ance 
driven 
ECl 
designs. 
National's 
combination 
of 
high 
performance 
technology 
and 
speed 
optimized 
circuit 
de- 
signs results 
in a very high speed 
memory 
device. 


The 
NM10494 
operates 
with 
a supply 
voltage 
of 
-5.2V 
± 5%, and the input and output 
voltage 
levels are 10k ECl 
1/0 compatible. 


Reading 
the 
memory 
is accomplished 
by pulling 
the 
chip 
select 
(8) pin lOW 
while 
the write 
enable 
(W) pin remains 
HIGH allowing 
the memory 
contents 
to be displayed 
on the 
output 
pins 
(00-03). 
The output 
pins will remain 
inactive 
(lOW) 
if either 
the chip select 
(8) pin is HIGH or the write 
enable 
(W) pin is lOW. 


Writing 
to the 
device 
is accomplished 
by having 
the 
chip 
select 
(8) 
and 
the 
write 
enable 
(W) pins 
lOW. 
Data 
on 


the input pins will then be written 
into the memory 
address 
specified 
on the address 
pins (AO-A 13). 


Features 


• 
10 ns/12 
ns/15 
ns speed 
grades 
over 
the 
commercial 
temperature 
range 


• 
Balanced 
read and write cycle 
times 


• 
Write 
cycle 
timing 
allows 
33% 
of cycle 
time 
for system 
skews 


• 
10k ECl 
1/0 
• 
Power 
supply 
-5.2V 
±5% 


• 
low 
power 
dissipation 
< 1.3W 
@ 50 MHz 


• 
Soft error 
rate less than 
100 FIT 


• 
Over 2000V 
ESD protection 


• 
One micron 
BiCMOS 
III process 
technology 


• 
Over 200 mA latch-up 
immunity 


• 
low 
inductance, 
high density 
28-pin 
f1atpak and 
28-pin 
ceramic 
DIP 


Connection 
Diagrams 


28-Pin 
Ceramic 
DIP 
28-Pin 
Ceramic 
Flatpak 
(30 Mil lead 
Pitch) 


DO 
28 
S 


01 
2 
27 
Vi 
DO 
1 
28 
S 


02 
3 
26 
Ne 
01 
2 
27 
Vi 


03 
4 
25 
AI3 
02 
3 
26 
Ne 


00 
5 
24 
AI2 
03 
4 
25 
AI3 


01 
6 
23 
All 
00 
5 
24 
A12 


Vcc 
7 
22 
AID 
01 
6 
23 
All 


Vcco 
8 
21 
VEE 
Vec 
7 
22 
AID 


02 
9 
20 
A9 
02 
8 
21 
VEE 


03 
10 
19 
A8 
03 
9 
20 
A9 


AD 
II 
18 
A7 
Ne 
10 
19 
A8 


Al 
12 
17 
A6 
AD 
11 
18 
A7 


A2 
13 
16 
A5 
A1 
12 
17 
A6 


A3 
14 
15 
A4 
A2 
13 
16 
A5 


A3 
14 
15 
A4 
Tl/D/10393-2 
Top View 
TL/D/10393-3 


Pin Names 
Top View 


AO-A13 
Address 
Inputs 
8 
Chip Select 


W 
Write Enable 


00-03 
Data Out 


DO-D3 
Data In 


VCC 
Ground 


VEE 
Power 
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Features 


• 
Extremely 
fast access 
time 
- 
5 ns Max (NM4492) 
-7 
ns Max (NM100492) 


• 
Power 
supply: 
-5.2V 
± 5% (NM4492) 


• 
Power 
supply: 
-4.2V 
to 
-4.8V 
(NM100492) 


• 
Completely 
self-timed 
read and write cycle 


• 
On-chip 
input and output 
registers 


• 
Modest 
power 
consumption-2W 
at 
7 
ns, < 1.5W 
at 


100 MHz 


• 
On-chip 
parity 
checking-with 
odd address 
parity 
mode 
pin 


• 
Clock 
enable 
input simplifies 
pipeline 
control 


• 
Scan 
diagnostics 
supported 
by on-chip 
scan 
registers 


• 
High speed 
ceramic 
flatpak 


• 
High speed 
TapePak™ 
package 
under development 


• 
I/O 
compatible 
with F100k 
standard 


General Description 


The NM100492/NM4492 
is an extremely 
high performance 
2k x 9 SRAM. 
It is the first of a family 
of similar 
9-bit wide 
SRAMs 
designed 
specifically 
for very high speed 
ECl 
com- 
puter 
applications 
such 
as 
register 
files, 
writable 
control 


stores, 
cache 
RAMs, cache tag RAMs, and address 
transla- 


tion lookaside 
buffers. 
The NM100492/NM4492 
offers 
sev- 
eral features 
which 
are very desirable 
in such applications. 


ADVANCED 
SELF-TIMED 
ARCHITECTURE 


This advanced 
self-timed 
RAM simplifies 
the system 
design 
of extremely 
fast memory 
arrays by minimizing 
the impact of 


timing 
skews 
on the 
cycle 
time 
of the 
memory 
array. 
All 


input 
signals 
(address, 
data and control 
signals) 
are regis- 
tered 
on-chip 
by a transition 
of the clock. 
By registering 
all 


inputs 
with minimal 
setup and hold times 
(setup + hold = 
2 ns) the troublesome 
skews 
inherent 
with traditional 
static 
RAM 
timing 
requirements 
are 
significantly 
reduced. 
With 
skew 
problems 
minimized, 
very 
short 
cycle 
times 
become 
practical. 
Output 
registers 
(self-timed 
on-chip) 
hold 
output 
data valid for an extended 
portion 
of the cycle 
easing 
sys- 
tem read timing 
requirements. 


HIDDEN 
WRITE 
CYCLE 
MODE 


The hidden 
write 
cycle 
timing 
allows 
relaxed 
data bus tim- 
ing. This 
will 
often 
ease 
system 
setup 
and 
hold 
require- 
ments for the data output 
bus. Hidden write timing 
is essen- 
tially a technique 
for interleaving 
reads and writes. 
This ad- 


vanced 
self-timed 
SRAM supports 
hidden write timing 
more 


conveniently 
in the system 
than 
first generation 
self-timed 
SRAM's, 
due to the unique 
control 
signal functions 
defined 
for write 
enable 
(VIi) and 
chip 
select 
(8). By keeping 
the 
output 
register 
active 
(with the last read data) during a write 
cycle, 
this device 
greatly 
simplifies 
the timing 
of interleaved 
memory 
architectures. 
This 
mode 
may 
be very 
useful 
in 
cache 
and register 
file applications, 
where 
multiple 
sources 
and/or 
destinations 
may 
be 
interleaved 
within 
each 
ma- 


chine 
cycle. 


PARITY 
CHECKING 


The 
device 
also 
offers 
several 
convenient 
features 
which 
may be useful 
in specific 
applications. 
One such feature 
is 
the 
on-chip 
parity 
checking 
function. 
For 
systems 
where 
parity 
checking 
is desirable 
this 
device 
will check 
for odd 
parity on the 9-bit data input field, and will check 
for either 
even or odd parity 
(depending 
on the polarity 
of the parity 
mode 
pin - PM) on the 
11-bit address 
field combined 
with 
the address 
parity input. Odd parity is met when the number 
of highs in the field is odd. Address 
parity checking 
can be 
conveniently 
disabled 
if desired, 
allowing 
data field only par- 


ity checking. 
If either 
the data 
or address 
demonstrates 
a 
parity error, then the parity error output flag is set. The polar- 
ity of the error output 
flag facilitates 
emitter 
dot ORing 
sev- 
eral error outputs 
for minimal delay. The parity checking 
fea- 
ture 
is benign 
in the 
sense 
that 
if parity 
checking 
is not 
desired, 
the output 
can simply 
be ignored 
without 
detrimen- 
tal effects 
to normal 
operation. 


SERIAL 
SCAN DIAGNOSTICS 
REGISTERS 


Another 
convenient 
feature 
provided 
on-chip 
is the scan di- 


agnostics 
register. 
For system 
designs 
where 
scan diagnos- 
tics are included, 
this device 
allows 
observing 
the state 
of 
the 
input 
registers 
(scan 
out) and forcing 
the 
state 
of the 
input 
and 
output 
registers 
(scan 
in). 
For 
writable 
control 
store 
applications 
the control 
store 
can 
be loaded 
via the 
serial 
channel 
(scan 
in), simplifying 
circuit 
board 
layout 
by 


eliminating 
the wide 
parallel 
data 
input 
bus structure. 
For 
systems 
where 
scan diagnostics 
are not desired, 
the scan 
enable 
input 
can simply 
be left open 
allowing 
the on-chip 
pulldown 
device 
to disable 
scan functions 
and provide 
nor- 


mal SRAM 
functionality. 


PIPELINE 
CONTROL 


Yet a third convenient 
feature 
is the clock enable 
input. This 
control 
simplifies 
starting 
and stopping 
pipeline 
operations 
in pipelined 
systems. 
It reduces, 
and 
may 
eliminate, 
the 
need 
to gate 
the 
clock 
signal 
external 
to the 
RAM. 
This 
feature 
is also benign since the on-chip 
pulldown 
device 
will 
ensure 
normal 
operation 
if the clock 
enable 
is not used. 


MODEST 
POWER 
CONSUMPTION 


Modest 
power consumption 
is achieved 
without 
compromis- 


ing device 
speed through 
very unique and innovative 
circuit 
design techniques 
(patents 
applied 
for). Power consumption 
is predominately 
dependent 
on 
clock 
frequency 
(1/cycle 
time) 
allowing 
a reduction 
in power 
at lower 
operating 
fre- 
quency. 


F100K COMPATIBLE 
I/O 


The 
device 
is I/O 
compatible 
with 
standard 
temperature 
compensated 
F100K 
ECl 
logic, allowing 
trouble 
free inter- 
facing 
in high performance 
ECl 
systems. 
• 


Section 6 
ECl PAls and ASICs 


• 
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PAL 10/10016P8 
Eel 
Programmable Array logic 


General Description 


The 
PAL 1016PB/10016PB 
is the 
first 
member 
of an ECl 
programmable 
logic 
device 
family 
possessing 
common 
electrical 
characteristics, 
utilizing 
an easily 
accommodated 
programming 
procedure, 
and produced 
with National 
Semi- 
conductor's 
advanced 
oxide-isolated 
process. 
This 
family 
includes 
combinatorial, 
and registered 
output 
devices. 


These 
devices 
are fabricated 
using 
National's 
proven 
Ti-W 
(Titanium-Tungsten) 
fuse technology 
to allow fast, efficient, 


and reliable 
programming. 


This family allows the designer 
to quickly 
implement 
the de- 
fined 
logic function 
by removing 
the fuses 
required 
to prop- 
erly configure 
the 
internal 
gates 
and/or 
registers. 
Product 
terms with all fuses removed 
assume 
a logical high state. All 
devices 
in this 
series 
are provided 
with 
an output 
polarity 
fuse that, if removed, 
will permit any output to independently 
prOVide a logic 
low when 
the 
equation 
is satisfied. 
When 
these fuses are intact the outputs 
provide 
a logic true (most 
positive 
voltage 
level) 
in response 
to the 
input 
conditions 
defined 
by the applicable 
equation. 
All input 
and 
I/O 
pins 
have on-chip 
SO kfi 
pull-down 
resistors. 


Fuse symbols 
have been omitted 
from the logic diagrams 
to 
allow the designer 
use of the diagrams 
to create 
fuse maps 
representing 
the programmed 
device. 


All devices 
in this family can be programmed 
using conven- 
tional programmers. 
After the device 
has been programmed 
and verified, 
an additional 
fuse 
may be removed 
to inhibit 
further 
verification 
or programming. 
This "security" 
feature 
can provide 
a proprietary 
circuit which 
cannot 
easily 
be du- 


plicated. 


Features 


.tpD=6nsmax 


• 
Eight combinatorial 
outputs 
with programmable 
polarity 


• 
Programmable 
replacement 
for conventional 
ECl 
logic 


• 
Both 
10KH and 100K I/O 
compatible 
versions 


• 
Simplifies 
prototyping 
and board 
layout 


• 
24-pin 
thin DIP packages. 


• 
Programmed 
on conventional 
TIl 
PlD 
programmers 


• 
Security 
fuse to prevent 
direct 
copying 


• 
Reliable 
titanium-tungsten 
fuses 


,-------------Programmable 
Array logic 
Family 


,---------ECl 
I/O Compatibility 
10 = 
10KH 
100 = 
100K 


,--------Number 
of Array Inputs 


,------Output 
Type 
P = 
Programmable 
Polarity 


,-----Number 
of Outputs 


~ 


~~k;~~Pin 
Ceramic 
DIP 
r 


Temperature 
Range 
C = 
Commercial: 
O'C to + 7S'C for 10KH 
O'C to + BS'C for 100K 


16 
P 
B 
J 
C 
• 
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PAL 10/10016P8-3 
(DIP Only) 
3 ns ECl ASPECT™ Programmable Array logic 


General Description 


The PAl10/10016PB-3 
is a member 
of the National 
Semi- 
conductor 
28-pin 
high speed 
ECl 
PAlllll 
family. 
This device 


utilizes 
National 
Semiconductor's 
ASPECT 
(Advanced 
Sin- 


gle Poly Emitter 
Coupled 
Technology) 
process 
with a newly 


developed 
tungsten 
fuse technology 
to provide 
the highest- 


speed 
user-programmable 
replacements 
for 
conventional 


ECl 
SSI-MSI 
logic with significant 
chip-count 
reduction. 
The 


JEDEC 
fuse-map 
format 
and programming 
algorithm 
of this 


device 
is compatible 
with those 
of all prior ECl 
PAL prod- 
ucts from 
National. 


Programmable 
logic 
devices 
provide 
convenient 
solutions 


for a wide variety 
of applications-specific 
functions, 
includ- 
ing random 
logic, custom 
decoders, 
state machines, 
etc. By 


programming 
fuse links to configure 
AND/OR 
gate connec- 


tions, 
the system 
designer 
can implement 
custom 
logic as 


convenient 
sum-of-products 
Boolean 
functions. 
System 
pro- 


totyping 
and design 
iterations 
can be performed 
qUickly us- 
ing these 
off-the 
shelf 
products. 


The PAL10/10016PB-310gic 
array has a total of 16 comple- 


mentary 
input pairs, 64 product 
terms 
and B programmable 


polarity 
output 
functions. 
Each 
output 
function 
is the OR- 


sum of 8 product 
terms. 
Each product 
term is satisfied 
when 


all array inputs 
which 
are connected 
to it (via intact 
fuses) 


are in the correct 
state as defined 
by the equation 
for that 


product 
term. 
Each 
output 
function 
is provided 
with output 


polarity 
fuses. These 
fuses permit the designer 
to configure 


each output 
independently 
to produce 
either a logic high (by 


leaving 
the fuse intact) 
or a logic low (by programming 
the 


fuse) when 
the equation 
defining 
that output 
is satisfied. 


Programming 
equipment 
and software 
make PAL design 
de- 


velopment 
quick 
and easy. 
Programming 
is accomplished 


using TTl 
voltage 
levels 
and is therefore 
supported 
by in- 


dustry 
standard 
TTl 
PlD 
programmers. 
After 
programming 


and verifying 
the logic array, an additional 
security 
fuse may 


be programmed 
to prevent 
direct copying 
of proprietary 
log- 


ic designs. 


Features 


• 
High speed: 
tpo = 3 ns max 


• 
Programmable 
replacement 
for ECl 
logic 


• 
Both 
100K and 10 KH I/O 
compatible 
versions 


• 
Eight output 
functions 
with programmable 
polarity 


• 
Improved 
programmability 
tungsten 
fuses 


• 
Security 
fuse to prevent 
direct 
copying 


• 
Programmed 
on conventional 
TTl 
PlD 
programmers 


• 
Fully supported 
by PLANTM software 


• 
Commercial 
and Military 
ranges 


ProgrammableArraylogic Family 


ECl 1/0 Compatibility: 


10 = ECl10KH 
100 = ECl lOOK 


Numberof ArrayInputs 


OutputType: 


P = ProgrammablePolarity 


Numberof Outputs 


SpeedVersion:- 3 = 3 nstpo 


Packaging: 


N = 24-PinPlasticDIP 
J = 24-PinCeramicDIP 


'Note: ForPlCC seePAL10/10016PE8-3 
r 


TemperatureRange: 


C = Commercial: 


O'Cto +75'C for 10KH 
O'Cto + 85'C for lOOK 


M = Extended(Military): 
- 55'C to + 125'Cfor 10KH 
O'Cto + 125'Cfor lOOK 


PAL 100 16 P 8 
-3 
J 
C 


Block Diagram 


PAL 10/10018P8-3 


11 


12 


13 


I/O' 


I/O 8 


19 


1'0 


111 
ANO 
ARRAY 
1'3 


II. 


115 


116 


I/O 17 


I/O 21 


122 


123 
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PAL 10/10016PE8-3 
(PlCC Only) 
3 ns ECl ASPECT™ Programmable Array logic 


General Description 


The PAL 10/10016PE8-3 
is a member 
of the National 
Semi- 
conductor 
28-pin 
high speed 
ECl 
PAl~ 
family. 
This device 
utilizes 
National 
Semiconductor's 
ASPECT 
(Advanced 
Sin- 
gle Poly Emitter 
Coupled 
Technology) 
process 
with a newly 
developed 
tungsten 
fuse technology 
to provide 
the highest- 
speed 
user-programmable 
replacements 
for 
conventional 
ECl 
SSI-MSI 
logic with significant 
chip-count 
reduction. 
The 
JEDEC 
fuse-map 
format 
and programming 
algorithm 
of this 
device 
is compatible 
with those 
of all prior 
ECl 
PAL prod- 
ucts from 
National. 


Programmable 
logic 
devices 
provide 
convenient 
solutions 
for a wide variety 
of applications-specific 
functions, 
includ- 
ing random 
logic, custom 
decoders, 
state machines, 
etc. By 
programming 
fuse links to configure 
AND/OR 
gate connec- 
tions, 
the system 
designer 
can implement 
custom 
logic as 
convenient 
sum-of-products 
Boolean 
functions. 
System 
pro- 
totyping 
and design 
iterations 
can be performed 
quickly 
us- 
ing these 
off-the 
shelf 
products. 


The PAL10/10016PE8-3 
logic array has a total of 16 com- 
plementary 
input pairs, 64 product 
terms and 8 programma- 
ble polarity 
output functions. 
Each output function 
is the OR- 
sum of 8 product 
terms. 
Each product 
term is satisifed 
when 
all array 
inputs 
which 
are connected 
to it (via intact 
fuses) 
are in the correct 
state as defined 
by the equation 
for that 


product 
term. 
Each output 
function 
is provided 
with output 
polarity 
fuses. These 
fuses 
permit the designer 
to configure 
each output 
independently 
to produce 
either a logic high (by 
leaving 
the fuse intact) 
or a logic low (by programming 
the 
fuse) when the equation 
defining 
that output 
is satisfied. 


Programming 
equipment 
and software 
make PAL design de- 


velopment 
quick 
and 
easy. 
Programming 
is accomplished 
using TTl 
voltage 
levels 
and is therefore 
supported 
by in- 
dustry 
standard 
conventional 
TTl 
PlD 
programmers. 
After 
programming 
and verifying 
the logic array, an additional 
se- 
curity fuse may be programmed 
to prevent 
direct copying 
of 
proprietary 
logic designs. 


Features 


• 
High speed: 
tpo 
3 ns max 


• 
Full 28-pin 
function 
(all pins used) 


• 
Programmable 
replacement 
for ECl 
logics 


• 
Both 
lOOK and 10 KH I/O 
compatible 
versions 


• 
Eight output 
functions 
with programmable 
polarity 


• 
Security 
fuse to prevent 
direct 
copying 


• 
Fully supported 
by PLAN and other 
industrial 
software 


• 
High density-high 
performance 
28-pin 
PlCC 
package 


ProgrammableArraylogic Family 


,---------ECl 
I/O Compatibility: 
10 ~ ECl10KH 
100 = ECl lOOK 


.--------Number 
of ArrayInputs 


,------Output 
Type: 


PE = ExpandedProgrammable 
Polarity(NoI/O Pins/PlCC 
only) 


,-----Numberof 
Outputs 


,----SpeedVersion: 
-3 
= 3nstpo 


~ 


Packaging:V = 28-PinPlCC 
Nole: 
For DIP see PAL 10/10016PB·3 
datasheet 
r 


TemperatureRange: 
C = Commercial: 
O'Cto + 75'C for 10KH 
O'Cto +85'C for 100K 


V 
C 
• 


c(~ 
~ ~National 
g 
~ 
Semiconductor 
.•.. 
.....o.•.. 
~ 
PAL 10/10016P4A 
~ 
4 ns Eel 
Programmable Array logic 
ow 
General Description 
The PAL1016P4A and PAL10016P4A are members of the 
National Semiconductor ECl 
PAl~ 
family. The PAL101 
10016P4A is a functional subset of the PAl10/10016P8 
(6 ns tpd) and is compatible in pinout, JEDEC map format, 
and programming algorithm. The ECl PAL family utilizes 
National Semiconductor's advanced oxide-isolated process 
and proven Titanium-Tungsten (Ti-W) fuse technology to 
provide user-programmable logic to replace conventional 
ECl SSI/MSI gates and flip-flops. Typical chip count reduc- 
tion gained by using PAL devices is greater than 4:1. 
This family allows the systems engineer to customize his 
chip by opening fuse links to configure AND and OR gates 
to perform his desired logic function. Complex interconnec- 
tions that previously required time-consuming layout are 
thus transferred from PC board to silicon where they can 
easily be modified during prototype checkout or production. 
The PAL transfer function is the familiar sum-of-products 
implemented with a single array of fusible links. The PAL 
device incorporates a programmable AND array driving a 
fixed OR array. The AND term logic matrix incorporates 16 
complementary inputs and 32 product terms. The 32 prod- 
uct terms are grouped into four OR functions with eight 
product terms each. All devices in this series are provided 
with output polarity fuses. These fuses permit the designer 
to configure each output independently to provide either a 
logic true (by leaving the fuse intact) or a logic false (by 
programming the fuse) when the equation defining that out- 
put is satisfied. 
Product terms with all fuses programmed assume a logical 
high state, while product terms connected to both the true 


and complement of any input assume a logical low state. All 
product terms in an unprogrammed part are logically low. 


Fuse symbols have been omitted from the logic diagrams to 
allow the designer use of the diagrams for logic editing. 
These ECl PAL devices may be programmed on many PlD 
programmers. Programming is accomplished using TTl 
voltage levels. Once programmed and verified, an additional 
fuse may be programmed to disable further verification. This 
feature gives the user a proprietary circuit which is difficult 
to copy. 


Features 


• 
High speed: 
Combinatorial outputs 
tpd = 4 ns max 
• 
Both 10 KH and 100K 1/0 compatible versions 
• 
Four output functions; six1eendedicated inputs 
• 
Individually programmable polarity for all logic outputs 


• 
Reliable titanium-tungsten fuses 
• 
Security fuse to prevent direct copying 
• 
Programmed on many PlD programmers 
• 
Fully Supported by PLANTMSoftware 
• 
Packaging: 


24-pin thin DIP (0.300') 
24-pin QUAD CERPAK 


Applications 
• 
Programmable replacement for ECl logic 
• 
Address or instruction decoding 


Ordering Information 
The device number is used to form part of a simplified purchasing code where a package type and temperature range are 
defined as follows: 


Programmable 
Array logic 
Family 


ECl 
1/0 Compatible 


10 = 10kH 
100 = 100k 


Number 
of Array Inputs 


Output 
Type 
P = Combinatorial 
with Programmable 
Polarity 


Number 
of Outputs 


Speed 
Range 
No Symbol 
~ 
Standard 
Speed 
(6 ns) 


A = High Speed 
(4 ns) 


~ 


pa~~g~eramic 
DIP 


W ~ 
Quad Cerpack 
r 


Temperature 
Range 
C = O'C to + 7S'C for 10 kH 
O'C to + 8S'C for 100k 
A 
J 
C 


~National 
~ 
Semiconductor 


PAL 10/10016P4-2 
(DIP Only) 


2 ns ECl ASPECT™ Programmable Array logic 


General Description 


The PAl10/10016P4-2 
is a member 
of the National 
Semi- 
conductor 
28-pin 
high speed 
ECl 
PAl@ family. 
This device 


utilizes 
National 
Semiconductor's 
ASPECT 
(Advanced 
Sin- 


gle Poly Emitter 
Coupled 
Technology) 
process 
with a newly 


developed 
tungsten 
fuse technology 
to provide 
the highest- 


speed 
user-programmable 
replacements 
for 
conventional 


ECl 
SSI-MSI 
logic with significant 
chip-count 
reduction. 
The 


JEDEC 
fuse-map 
format 
and programming 
algorithm 
of this 


device 
is compatible 
with those 
of all prior ECl 
PAL prod- 


ucts from National. 


Programmable 
logic 
devices 
provide 
convenient 
solutions 


for a wide variety 
of application-specific 
functions, 
including 


random 
logic, 
custom 
decoders, 
state 
machines, 
etc. 
By 


programming 
fuse links to configure 
AND/OR 
gate connec- 
tions, 
the system 
designer 
can implement 
custom 
logic as 


convenient 
sum-of-products 
Boolean 
functions. 
System 
pro- 


totyping 
and design 
iterations 
can be performed 
quickly 
us- 


ing these 
off-the-shelf 
products. 


The PAL10/10016P4-210gic 
array has a total of 16 comple- 
mentary 
input pairs, 32 product 
terms 
and 4 programmable 


polarity 
output 
functions. 
Each 
output 
function 
is the 
OR· 
sum of 8 product 
terms. 
Each product 
term is satisfied 
when 


all array 
inputs 
which 
are connected 
to it (via intact 
fuses) 


are in the correct 
state 
as defined 
by the equation 
for that 


product 
term. 
Each 
output 
function 
is provided 
with output 


polarity 
fuses. These 
fuses permit the designer 
to configure 


each output 
independently 
to produce 
either a logic high (by 


leaving 
the fuse intact) 
or a logic low (by programming 
the 


fuse) when 
the equation 
defining 
that output 
is satisfied. 


Programming 
equipment 
and software 
make PAL design de- 


velopment 
quick 
and 
easy. 
Programming 
is accomplished 


using TTl 
voltage 
levels 
and is therefore 
supported 
by in- 


dustry 
standard 
TTl 
PlD 
programmers. 
After 
programming 


and verifying 
the logic array, an additional 
security 
fuse may 


be programmed 
to prevent 
direct copying 
of proprietary 
log- 


ic designs. 


Features 


• 
Highest 
speed: 
tpD = 2.5 ns max 


• 
Programmable 
replacement 
for ECl 
logic 


• 
Both 
100K and 10 KH I/O compatible 
versions 


• 
Four output 
functions 
with programmable 
polarity 


• 
Improved 
programmability 
tungsten 
fuses 


• 
Security 
fuse to prevent 
direct 
copying 


• 
Programmed 
on conventional 
TTl 
PlD 
programmers 


• 
Fully Supported 
by PlANTM 
Software 


• 
Commercial 
and Military 
ranges 


VEE ~ 
12. Vcc 
~ 24, VCCfJ(5, 7) = 6 


Vcco (16, 20) ~ 
19 


Pinout applies to 24-pin DIP 
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PAL 10/10016C4-2 
(PlCC Only) 


2 ns ECl ASPECT™ Programmable Array logic 


General Description 
The PAl1 0/1 0016C4-2 is a member of the National Semi- 
conductor 28-pin high speed ECl PALl!>family. This device 
utilizes National Semiconductor's ASPECT (Advanced Sin- 
gle Poly ECl Technology) Process with a newly developed 
tungsten fuse technology to provide the highest-speed user- 
programmable replacements for conventional ECl SSI-MSI 
logic with significant chip-count reduction. The JEDEC fuse- 
map format and programming algorithm of this device is 
compatible with those of all prior ECl PAL products from 
National. 
Programmable logic devices provide convenient solutions 
for a wide variety of application-specific functions, including 
random logic, custom decoders, state machines, etc. By 
programming fuse links to configure AND/OR gate connec- 
tions, the system designer can implement custom logic as 
convenient sum-of-products Boolean functions. System pro- 
totyping and design iterations can be performed qUickly us- 
ing these off-the-shelf products. 
The PAl10/10016C4-210gic array has a total of 16 comple- 
mentary input pairs, 32 product terms and 4 complementary 
output functions. Each output function is the OR-sum of 8 
product terms. Each product term is satisfied when all array 
inputs which are connected to it (via intact fuses) are in the 
correct state. Complementary outputs eliminate the need 


for external inverters and allow for more convenient output 
OR-tying. They are also suitable for differential sensing for 
increased noise immunity. All input pins have on-chip 50 k!l. 
pull-down resistors. 
Programmingequipment and software make PAL design de- 
velopment quick and easy. Programming is accomplished 
using TIl 
voltage levels and is therefore supported by sev- 


eral conventional TTl 
PlD programming units. After pro- 


gramming and verifying the logic array, an additional securi- 
ty fuse may be programmed to prevent direct copying of 
proprietary logic designs. 


Features 
• 
Highest speed: tpD = 2 ns max 
• 
Full 28-pin function 
• 
Programmable replacement for ECl logic 
• 
Both 100K and 10 KH I/O compatible versions 
• 
Four output functions with complementary outputs 


• 
Improved programmability tungsten fuses 
• 
Security fuse to prevent direct copying 
• 
Programmed on conventional TIl 
PlD programmers 


• 
Fully Supported by PlANTM Software 
• 
High density-High performance 28-pin PlCC package 


ProgrammableArray logic Family 


ECll/O 
Compatibility: 


10 = ECl10 
KH 
100= 
ECl100K 


Number of Array Inputs 


Output Type: 


C = Complementary 
P = Programmable Polarity 


Number of Outputs 


,...------SpeedVersion: 
-2 
= 2nstpD 
rr 


Packaging:V = 28-Pin PlCC 
• Note: For DIP see PAl10/10016 
P4-2 datasheet. 
r 


Temperature Range: 
C = 
Commercial: 
O°Cto +75°Cfor 10 KH 
O°Cto +85°Cfor 100K 


PAL 
100 
16 
C 
4 
-2 
V 
C 


0 
0 


0 
0 


ANO 


ARRAY 


22 
0 
21 
0 


24 
o 
25 
o 


TL/L/10454-2 


VEE ~ 
14, vcc ~ 28, vcco(5, 6, 8, 9) ~ 7 
vcco(21, 22, 24, 25) ~ 
23 


Pinout applies to 28-pin PLCC 


,----------------------------------------,m 
o 
r- 
."» 
r- 
...•.o 
....... 
...•.oo 
...•. 
en 
:D 
C 
CO 


~National 
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PAL 10/10016RD8 
Eel 
Registered 


Programmable Array logic 


General Description 


The registered 
ECl 
PAL10/10016RD8 
is offered 
in 10KH or 


100K compatible 
versions. 
A maximum 
propagation 
delay of 


6 ns (input to output) 
characterizes 
the performance 
of this 


ECl 
PAlCl!> series. 
The 
ECl 
PAL 
family 
utilizes 
National 


Semiconductor's 
advanced 
oxide-isolated 
process 
and 


proven Titanium 
Tungsten 
(Ti-W) fuse technology 
to provide 


user-programmable 
logic to replace 
conventional 
ECl 
SSI/ 


MSI gates and flip-flops. 
Typical chip count reduction 
gained 


by using PAL devices 
is greater 
than 4:1. 


This 
family 
allows 
the 
system 
engineer 
to 
customize 
the 


chip by opening 
fuse links to configure 
AND and OR gates 


to perform 
the desired 
logic function. 
Complex 
interconnec- 
tions 
that 
previously 
required 
time-consuming 
layout 
are 


thus 
transferred 
from 
PC board 
to silicon 
where 
they 
can 


easily be modified 
during 
prototype 
checkout 
or production. 


The 
PAL transfer 
function 
is the 
familiar 
sum-of-products 


implemented 
with 
a single 
array 
of fusible 
links. 
The 
PAL 


device 
incorporates 
a programmable 
AND 
array 
driving 
a 


fixed OR array. The AND term 
logic matrix incorporates 
16 


complementary 
inputs 
and 64 product 
terms. 
The 64 prod- 


uct terms 
are grouped 
into 
eight 
OR functions 
with 
eight 


product 
terms 
each. 
All devices 
in this family 
are provided 


with output 
polarity 
fuses. 
These 
fuses 
permit 
the designer 


to configure 
each output 
independently 
to produce 
either 
a 


logic high (by leaving 
the fuse intact) or a logic low (by pro- 


gramming 
the fuse) when 
the equation 
defining 
that output 


is satisfied. 
In addition, 
the 
ECl 
PAL family 
offers 
these 


options: 


• Output 
registers 


• Dual (split) clocks 


Product 
terms 
with all fuses 
programmed 
assume 
a logical 


high state, 
while 
product 
terms 
connected 
to both the true 


and complement 
of any input assume 
a logical 
low state. All 


product 
terms in an unprogrammed 
part are logically 
low. All 


input and I/O 
pins have on-chip 
50 kfl. pull-down 
resistors. 
Registers 
consist 
of D-type 
flip-flops 
which 
are loaded 
in 


response 
to the low-to-high 
transition 
of the clock 
input(s). 


Fuse symbols 
have been omitted 
from the logic diagrams 
to 


allow the designer 
use of the diagrams 
for logic editing. 


These 
ECl 
PAL devices 
may be programmed 
on several 
TTl 
PlD 
programmers. 
Programming 
is accomplished 
with 


TTl 
voltage 
levels. 
Once 
the PAL is programmed 
and veri- 


fied, an additional 
security 
fuse may be programmed 
to de- 


feat 
verification. 
This 
feature 
gives 
the 
user 
a proprietary 


circuit 
which 
is difficult 
to copy. 


Features 


• 
High speed: 
Combinatorial 
outputs 
tpd = 6 ns max 
Registered 
outputs 
tsu = 5 ns min 
!elk = 3.5 ns max 
fmax = 117 MHz max 


• 
80th 
10 KH and 100K I/O 
compatible 
versions 


• 
Eight 
output 
functions 
with 
feedback; 
eight 
dedicated 


inputs 


• 
Eight registered 
outputs 


• 
Individually 
programmable 
polarity 
on all logic outputs 


• 
Output 
enable 
gate on all registered 
outputs 


• 
Reliable 
Titanium 
Tungsten 
fuses 


• 
Security 
fuse to prevent 
direct 
copying 


• 
Programmed 
on conventional 
TTl 
PlD 
programmers 


• 
Fully Supported 
by PLANTM Software 


• 
Packaging: 


24-pin 
thin DIP (0.300") 
24-pin 
QUAD 
CERPAK 


Applications 


• 
Programmable 
replacement 
for ECl 
logic 


• 
Programmable 
state 
machine 


• 
Address 
or instruction 
decoding 


~ 
National 
~ 
Semiconductor 


PAL 10/10016RM4A 
Eel 
Registered Programmable Array logic 


General Description 


The PAL 10/1 0016RM4A 
is a member 
of the National 
Semi- 
conductor 
ECl 
PAl@ family. The ECl 
PAL Series-A 
is char- 
acterized 
by 4 ns maximum 
propagation 
delays 
(combinato- 
rial 
input-to-output). 
The 
pinout, 
JEDEC 
fuse-map 
format 
and programming 
algorithm 
of these devices 
are compatible 
with those 
of all prior ECl 
PAL products 
from National. 
Se- 
ries-A 
ECl 
PAL devices 
are manufactured 
using 
National 
Semiconductor's 
advanced 
oxide-isolated 
process 
with 
proven 
titanium-tungsten 
fuse 
technology 
to provide 
high- 
speed 
user-programmable 
replacements 
for 
conventional 
ECl 
SSI/MSI 
logic with significant 
Chip-count 
reduction. 


Programmable 
logic 
devices 
provide 
convenient 
solutions 
for a wide variety 
of application-specific 
functions, 
including 
random 
logic, 
custom 
decoders, 
state 
machines, 
etc. 
By 
programming 
fuse links to configure 
AND/OR 
gate connec- 
tions, 
the system 
designer 
can implement 
custom 
logic as 
convenient 
sum-of-products 
Boolean 
functions. 
System 
pro- 
totyping 
and design 
iterations 
can be performed 
quickly 
us- 
ing these 
off-the-shelf 
products. 


The PAL10/10016RM 
logic array has a total of 16 comple- 
mentary 
input pairs, 32 product 
terms 
and four output 
func- 
tions; 
each 
output 
function 
is the 
OR-sum 
of 
8 product 
terms. 
The 16RM4A 
provides 
an edge-triggered 
D-type reg- 
ister 
on each 
of its four 
outputs. 
Registers 
allow 
the 
PAL 
device 
to implement 
sequential 
logic circuits. 
Polarity 
fuses 
allow 
each output 
to be active-high 
or active-low. 


Programming 
equipment 
and software 
make PAL design de- 
velopment 
quick 
and easy. 
Programming 
is accomplished 
using TTl 
voltage 
levels and is therefore 
supported 
by sev- 
eral 
conventional 
TTl 
PlD 
programming 
units. 
After 
pro- 
gramming 
and verifying 
the logic array, an additional 
securi- 
ty fuse 
may be programmed 
to prevent 
direct 
copying 
of 
proprietary 
logic designs. 


Features 


• 
High speed: 
tsu = 3 ns min 
tCLK = 2 ns max 
fMAX = 200 MHz max (registered) 
tpD = 4 ns max (combinatorial) 


• 
Programmable 
replacement 
for ECl 
SSI/MSI 
logic 


• 
Both 
10 KH and 100K 1/0 compatible 
versions 


• 
Four registered 
output 
functions 
with 
1/0 
pin feedback; 


twelve 
dedicated 
inputs 


• 
Individually 
programmable 
polarity 
on all logic outputs 


• 
Reliable 
Titanium 
Tungsten 
fuses 


• 
Security 
fuse to prevent 
direct 
copying 


• 
Programmed 
on conventional 
TTl 
PlD 
programmers 


• 
Fully Supported 
by PLANTM Software 


• 
Packaging: 
24-pin 
thin DIP (0.300") 
24-pin 
Quad Cerpak 


Ordering Information 


The device 
number 
is used to form 
part of a simplified 
pur- 
chasing 
code where 
a package 
type and temperature 
range 
are defined 
as follows: 
ProgrammableArray Logic Family 
ECL I/O Compatibility: 
10 ~ 10 kH 
100 ~ lOOK 


Number of Arrays 
Output Type: 


RM ~ Registered with Multiple Clocks 
Number of Registered Outputs 
Speed/Power Version: 
No Symbol = 6 ns tpo 
A ~ 4 nstpo 


~ 


paCkage: 
J ~ 24-Pin Ceramic DIP 
W = 24-Pin Quad Cerpak 
r 


Temperature Range: 
C = Commercial: 
DoCto + 75°C for 10 kH, 
DoCto + 85°C for lOOk 
PAL 1016RM4AJC 


VEE = 12, Vcc 
~ 24, Vcco 
(5,7) ~ 6, Vcco 
(18,20) ~ 
19 


Pinout applies to 24·pin DIP. 


FGA Series ASPECTTM ECl Gate Arrays 


General Description 


The 
FGA 
Series 
is a new 
generation 
of ECl 
gate 
arrays 
based 
on 
National's 
ASPECT 
process. 
These 
advanced 
ECl 
gate 
arrays, 
ranging 
from 
200 to over 
30,000 
equiva- 
lent 
gates, 
offer 
typical 
internal 
propagation 
delays 
of 
150 ps and consume 
thirty percent 
less power than conven- 
tional 
ECl 
arrays. 
(Refer 
to Table 
I.) 


With 
system 
clock 
frequencies 
up to 
1.2 GHz, 
the 
speed 
domain 
of Gallium 
Arsenide, 
FGA 
Series 
gate 
arrays 
are 
especially 
well-suited 
for 
such 
high-performance 
applica- 
tions 
as 
mainframe 
and 
supermini 
computers, 
fiber-optic 
communications, 
and many military and aerospace 
systems. 


With only internal 
cells and I/O cells, FGA Series arrays are 
easy to use. Designers 
can implement 
logic using two-level 
or three-level 
series gating circuit structures 
within an array, 


with no complex 
signal 
mixing 
rules required. 
An extensive 
macro 
library, 
common 
to all FGA Series 
arrays, 
contains 
more than eighty SSI/MSI 
logic functions 
and 36 supporting 
I/O macros. 
In addition, 
internal 
macros 
may be grouped 
to 
form 
re-usable 
"soft 
macros" 
with 
even 
greater 
functional 
complexity. 


All 
FGA 
Series 
gate 
arrays 
feature 
CAD-programmable 
speed/power 
options 
that 
allow 
the designer 
to maximize 
performance 
by individually 
assigning 
the switching 
speed 
and 
output 
drive 
currents 
for 
each 
internal 
macro. 
The 
speed/power 
feature 
provides 
maximum 
ECl 
speed 
where 
needed, 
yet allows overall 
chip power to remain at air-coola- 
ble levels. 
On-chip 
termination 
to -2V 
for the internal 
out- 
put emitter 
followers 
further 
reduces 
power 
consumption. 


All FGA Series 
products 
interface 
with ECL lOOK, ECl 
10K 
and ECl 
10KH components, 
and, except 
for the FGA200, 
FGA14000, 
FGA14040R, 
and FGA30000, 
are fully FAST®/ 
TTl 
compatible. 
The TTl 
interface 
eliminates 
requirements 
for separate 
off-chip 
signal 
converters 
in mixed 
logic 
level 
systems, 
thereby 
resulting 
in reduced 
board space and cost, 


as well as avoiding 
the performance 
and reliability 
penalties 
associated 
with off-chip 
signal converters. 


In addition 
to providing 
superior 
speed/power 
performance 
with high density, 
the ASPECT 
process 
is scalable 
to sub- 
micron 
dimensions. 
FGA Series 
arrays are designed 
to ac- 
commodate 
multiple 
ASPECT 
process 
generations 
to allow 
designs 
implemented 
today to migrate 
to tomorrow's 
arrays 
based on future 
ASPECT 
processes. 


• 
New 
generation 
ECl 
gate 
arrays 
with 
complexity 
to 
30,000 
equivalent 
logic gates 


• 
Manufactured 
with 
1.5-micron 
ASPECT 
process 


• 
CAD-programmable 
speed/power 
options 


• 
150 ps typical 
internal 
delay 


• 
Flexible 
array architecture 
with only two cell types: 
Internal 
cells and I/O 
cells 


• 
F100K, 
10K or 10KH 
ECl-compatible 
I/Os 


• 
Mixable 
ECLITTL 
I/Os 


• 
Allows 
large number 
of simultaneously 
switching 
outputs 


FIGURE 
1. FGA Series 
Gate Array 


Nole 
1: FGA150, 600,1300.4000 
and 15000 offer mixable ECL/TIL 
I/os. 


Absolute Maximum Ratings 
(Note 1) 


If 
Military/Aerospace 
specified 
devices 
are 
required, 
Note: 
Stresses 
greater 
than those listed in "Absolute 
Maxi- 


please 
contact 
the 
National 
Semiconductor 
Sales 
mum Ratings" 
may cause permanent 
damage 
to the device. 
Office/Distributors 
for availability 
and specifications. 
This is a stress 
rating 
only; 
operation 
of the device 
at any 


Storage 
Temperature 
(TSTG) 
- 65'C to + 150'C 
condition 
above 
those indicated 
in the operational 
sections 


Maximum 
Junction 
Temp. (TJ) 
+ 150'C 
of these specifications 
is not implied 
Exposure 
to absolute 


maximum 
rating conditions 
for extended 
periods 
may affect 


Case Temp. 
under Bias (Tcl 
- 55'C to + 125'C 
device 
reliability. 
VEE Pin Potential 
to 


Vee Pins (VMAX) 
-7.0Vto 
+0.5V 
DC Specifications 


Input Voltage 
(DC) (VI) 
VEE to (Vee 
+ 0.5V) 
All FGA 
Series 
gate 
arrays 
operate 
from 
a standard 
ECL 
Output Current 
(DC Output 
HIGH) (10) 
-50mA 
power 
supply 
and 
an additional 
- 2V supply 
(Vn) 
which 


Operating 
Range ECL (VEE) 
-5.7Vto 
-4.2V 
terminates 
internal 
cell 
emitter 
followers 
to reduce 
power 


Operating 
Range TTL (Vnu 
4.5Vto 
5.5V 
consumption. 
With F100K 
inputs 
and outputs, 
the FGA se- 


ries is designed 
to operate 
from 
a standard 
100K 
power 


supply, although 
a standard 
10K power supply 
may be used 


instead. 
When 
used for mixed 
ECLITTL 
operations, 
an ad- 


ditional 
power 
supply 
is required. 
The following 
table 
pro- 


vides 
the power 
requirements 
for each 
allowable 
interface 
configuration. 


Power Supply Requirements 


110 
Vcc<V) 
VTT (V)(Note 
2) 
VEE(V) 
VTTL(V) 
Arrays 


F100K 
GND 
-1.9to 
-2.1 
-4.2 
to -5.7 
- 
All 
F10K 
GND 
-1.9to 
-2.1 
-4.7 
to -5.7 
- 


F100K/TTL 
GND 
-1.9to 
-2.1 
-4.2to 
-5.7 
4.5 to 5.5 
Except 
FGA200, 


F10K/TTL 
GND 
-1.9 
to -2.1 
-4.7to 
-5.7 
4.5 to 5.5 
FGA 14000, FGA 14040R 


and FGA 30000 
PseudoTTL 
VnL 
(VnL 
-2) 
±0.1 
GND 
4.75 to 5.25 


F100K ECl DC Characteristics 
VEE = 
-4.5V, 
Vn 
= 
-2V, 
Vee = VeeA = GND, TJ = 
-10'C 
to + 125'C 
(Note 3) 


Symbol 
Parameter 
Conditions 
(Note 
4) 
Mln 
Typ 
Max 
Units 


VOH 
Output HIGH Voltage 
VIN = VIH (max) 
Loaded with 500 
to - 2.0V 
-1035 
-955 
-870 
mV 


VOL 
Output 
LOW Voltage 
or VIL (minI 
-1830 
-1705 
-1605 
mV 


VIH (Note 5) 
Input HIGH Voltage 
Guaranteed 
HIGH Signal for All Inputs 
-1125 
-880 
mV 


VIL (Note 5) 
Input LOW Voltage 
Guaranteed 
LOW Signal for All Inputs 
-1810 
-1520 
mV 


Note 
1: Unless otherwise 
specified 
contractually. 


Note 
2: For internal cell output emitter follower 
termination 
to save power. 


Note 3: Equilibrium temperature 


Note 
4: Conditions 
for testing are chosen 
to guarantee 
operation 
under worst case conditions. 


Note 
5: Forcing one input at a time. Apply VtH (max) or VIL (min) to all other inputs. 


F10K ECl DC Characteristics 
VEE = -5.2V, 
Vn 
= -2V, 
Vee = VeeA = GND 


Parameter 
Conditions 
Junction 
Temperature 
Units 


O·C 
2S·C 
6S·C 
12S·C 


VOH Max 
-897 
-862 
-810 
-732 
mV 


VOH Min 
VIH = VIH Max 
-1112 
-1077 
-1025 
-947 
mV 


VOL Max 
VIL = VIL Min 
-1656 
-1644 
-1620 
-1584 
mV 


VOL Min 
-1920 
-1920 
-1920 
-1920 
mV 


VIH Max (Note 1) 
-888 
-858 
-810 
-738 
mV 


VIL Min (Note 1) 
-1920 
-1920 
-1920 
-1920 
mV 


VIHA Min (Note 1) 
-1209 
-1172 
-1125 
-1045 
mV 


VILA Max (Note 1) 
-1604 
-1567 
-1520 
-1440 
mV 


TTl 
DC Characteristics 
over Operating Temperature 
Range 


Vee = 5V ±50/0, TJ = -10·Cto 
+ 125·C 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


VOH 
Output 
HIGH Voltage 
10H = -400 
IkA 
I 
Vee = 4.75V 
2.7 
3.0 
- 
V 


VOL 
Output 
LOW Voltage 
10H = 8.0 mA/20 
mA 
I 
Vee = 4.75V 
- 
0.25 
0.5 
V 


VIH 
Input HIGH Voltage 
2.0 
- 
- 
V 


VIL 
Input LOW Voltage 
- 
- 
0.80 
V 


IIH 
Input HIGH Current 
(Note 2) 
Vce = 5.25V, VIN = 2AV 
- 
- 
40 
IkA 


IlL 
Input LOW Current 
(Note 2) 
Vee = 5.25V, VIN = OAV 
- 
- 
-400 
IkA 


10ZH 
Output OFF Current 
HIGH 
Vee = 5.25V, VOUT = 2AV 
- 
- 
40 
IkA 


10ZL 
Output OFF Current 
LOW 
Vce = 5.25V, VOUT = OAV 
- 
- 
-40 
IkA 


10S 
Output Off Short Circuit Current 
8/20 
mA Driver 
I 
Vee = 5.25V 
-15 
-130 
mA 
(Note 3) 
VOUT = 0 
- 


Note 
1: Forcing one input at a time. Apply VIH (max) or Vil (min) to all other inputs. 


Note 
2: Current per input. 


Note 
3: Not more than one output should be shorted at a time. Output should not be shorted for more than one second. 


FGA Series ECl Gate Array Family 


TABLE 
I. The FGA Gate Array Series 


Description 
FGA0150 
FGA0200 
FGA0600 
FGA1300 
FGA4000 
FGA14000 
FGA14040R 
FGA15000 
FGA30000 


Equivalent 
269 
269 
792 
1642 
4704 
16709 
7853 + 4.6K 
16644 
28486 
Gates 
RAM 


Internal 
75 
75 
240 
528 
1600 
5904 
2624 Plus 
5920 
10266 
Cells (MAU) 
RAM 


Internal 
Gate 
150PS 
150PS 
150PS 
150PS 
150PS 
150PS 
150PS 
150PS 
150PS 
Delay 


Speed/Power 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Options 


100K/10K/10KH 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Compatible 


ECL/TIL 
22 
0 
36 
72 
128 
0 
0 
220 
0 
Mixed I/O 


ECLOnly 
I/O 
0 
22 
12 
0 
0 
256 
256 
0 
256 


Power/Ground 
6 
6 
12 
40 
48 
56 
56 
72 
56 


Typical 
0.5-1.0 
0.5-1.0 
0.5-1.5 
1-3 
3-6 
10-20 
10-20 
10-20 
15-30 
Power(W) 


Standard 
16,24 
16,24 
44LDCC 
109PGA 
173PGA 


Packages 
Metal Flat 
Metal Flat 
75PGA 
116LDCC 
172LDCC 
323PGA 
323PGA 
303PGA 
323PGA 


28 PLCC/LDCC 
28 PLCC/LDCC 
75PGN 
99PGA** 


Available 
Now 
Now 
Now 
Now 
Now 
Now 
Now 
Now 
1090 


·Maximum of 48 I/O 


"Maximum 
of 64 110 


ASPECT Process 
Such 
resistors 
exhibit 
low 
junction 
capacitance, 
making 


FGA Series arrays use a National 
proprietary 
process 
called 
them 
ideal passive 
elements 
for high-speed 
logic circuits. 


ASPECT 
which 
uses conservative 
1.5-micron 
design 
rules 
An 
important 
feature 
is the 
self-aligning 
process 
used 
in 


to achieve 
VLSI 
density 
and 
150 
ps typical 
internal 
gate 
ASPECT 
gate 
arrays. 
This 
insensitivity 
to 
misalignment 


delays 
at thirty 
percent 
of conventional 
ECL 
power 
con- 
makes ASPECT 
a high-yield 
process 
and enables 
the move 


sumption 
levels. 
to smaller 
geometries 
with less difficulty 
than 
conventional 


ASPECT 
is the 
first 
bipolar 
process 
to use polysilicon 
for 
bipolar 
processes. 


emitter 
and base structures. 
Polysilicide 
serves 
as a source 
Array Organization 
of impurities 
for both the emitter 
and the base. This permits 


the 
fabrication 
of extremely 
shallow 
(500A 
below 
the 
sur- 
Electrical 
components 
(transistors, 
resistors, 
diodes 
and ca- 


face) emitters 
and narrow 
base regions. 
The combination 
of 
pacitors) 
are 
organized 
into 
repeating 
structures 
called 


shallow 
emitters 
and base 
leads 
to transistors 
with a very 
cells, 
Macros, 
which 
are the 
basic 
bUilding 
blocks 
of gate 


high switching 
speed. 
ASPECT 
also uses polysilicon 
resis- 
array 
logic design, 
are built by interconnecting 
the compo- 


tors. 
nents in one or more cells. 


Array Organization 
(Continued) 


The FGA Series employs only two cell types: internal cells 
and I/O cells. The internal cells are the workhorses of the 
array, where most of the circuit logic is implemented. All 
signals going to or coming from the outside world must exit 
or enter the array through an I/O cell. Since all signal level 
conversions are performed in the I/O cells, no signal mixing 
takes place within the array, thus simplifying the design ef- 
fort. Cell types and their functions are described in greater 
detail in the following paragraphs. 


The bonding pads are located around the periphery of the 
array. In addition to performing I/O functions, some of the 
pads are reserved for power and ground busses. Biasing 
occurs in dedicated routing channels and is optimally per- 
formed automatically by placement and routing CAD soft- 
ware. 
All FGA Series arrays employ three-layer metalization for 
signals and bussing. The first metal layer connects compo- 
nents within macros and makes horizontal connections be- 
tween macros. layer two is primarily for vertical connec- 
tions between macros, while layer three contains most of 
the power bussing. Future versions of the ASPECT process 
may include four metal layers. In that case, first-layer metal 
would not be needed to connect macros, thus eliminating 
routing channels and increasing gate counts for a given die 
size. 


~---------------------------I'" 
C> 
Single-level, two-level, and three-level series gated ECl 
» 


structures are used in FGA Series arrays to implement vari- 
en 


ous logic functions. Series gating allows complex logic func- 
~ 


tions to be implemented with fewer gates while maintaining 
(Do 


optimum performance. Additional logic complexity at no 
UI 


cost in cell utilization may be gained in internal cells by con- 
necting the outputs together (emitter dotting) to form wired- 
OR functions. 
Speed/power options can be used to assign the current 
settings in each internal cell macro. This feature allows the 
designer to maximize speed when needed, yet minimize the 
power consumption. The termination of internal output emIt- 
ter followers to a - 2V internal bus further reduces power 
consumption. 
Typically, internal cell utilization of eighty-five percent is 
considered optimum. Designs can be completed with up to 
one-hundred percent utilization; however placement and 
routing at this level sometimes requires special interactive 
layout. 


The FGA Macro Library contains a number of physical mac- 
ros with MSI-Ievel complexity. The final portion of this data 
sheet includes a representative sample of macros included 
in the FGA Series Macro Library. Full documentation for all 
macros, including specifications, can be found in the FGA 
Series Macro Library Reference Manual. 


Internal Cell and Logic Complexity 
The basic internal cell in an FGA Series array is called a 
"minimum addressable unit", or MAU. It is the smallest por- 
tion of the chip that a CAD system can access for placing or 
routing. 
The number of elements in this minimum cell is actually 
smaller than on any competing array. In fact, this small, 
compact cell structure, said to have a fine granularity, in- 
creases efficiency. In general, the larger the cell, the greater 
the likelihood that some cell resources go unused, thereby 
decreasing efficiency. 


I/O and Interface 
Capabilities 
I/O cells in the FGA Series are capable of performing input, 
output, transceiver logic and ECl/TTl 
conversion func- 


tions. The array's I/O organization is flexible, with each sig- 
nal pad supported by a dedicated I/O cell. An incoming sig- 
nal can enter the internal array through any I/O cell and, 
after completing the logic implementation, can then exit the 
array through any I/O cell without restriction. 
The flexible functionality of individual :/0 cells can be espe- 
cially useful in system applications requiring latched inputs 
and outputs. The ability of an FGA Series I/O cell to be 


• 


I/O and Interface Capabilities 
(Continued) 


configured as a latch saves having to use an internal cell for 
this function. In addition, although most ECl devices drive 
500 loads, I/Os can be paired to drive 250 loads. 
Each I/O cell offers a choice of signal termination options. 
For relatively short signal paths, designers may build series- 
terminated outputs, simplifying designs in systems where 
placing termination resistors on the board is not practical. 
To minimize noise, internal pull-down resistors are provided 
to keep unused inputs from floating. 
Either F100K, 10K, or 10KH interface capability is available 
on all FGA Series arrays. All input thresholds and logic lev- 
els must uniformly belong to the same ECl family. Likewise, 
the output interface must be the same as that used for input. 
With 
the 
exception 
of 
the 
FGA0200, 
FGA14000, 
FGA14040R and FGA30000, each I/O can also be a mixa- 
ble ECLlTTl 
I/O. This means that every I/O can be inde- 


pendently configured as either ECl or TTL. The TTl I/O is 
capable of producing totem-pole, open-collector, or three- 
state output levels. Figure 2 illustrates the acceptable inter- 
face options for FGA Series arrays. 


lOOK EClq Q 
¢lOoK 
ECl 
ARRAYS 


10K or loKH EClq Q 
qlOK 
or lOKH ECl 
ARRAYS 


lOOK or 10K ECl ¢ 
All EXCEPT 
¢m 
,GAUooo 
FGAl4040R 
m¢ 
,GAo2oo 
¢ lOOK or 10K ECl 
FGA30000 


Embedded 
RAM 
The embedded RAM block is a self-timing memory device 
with the capabilities of supporting various memory configu- 
rations, different bit select patterns, output power options, 
and different clock systems. The embedded RAM block 
contains 576 bits, and is organized as 64 words by 9 bits. 
There are 8 RAM blocks in the FGA14040R with the total of 
4608 bits. Each embedded RAM block has its own built-in 
decoder and control circuit, thus improving system perform- 
ance and reliability while saving board space. The embed- 
ded RAM has three modes of operation, Normal mode, 
Scan mode and Test mode. At high power operation, the 
typical access time is 3.75 ns and the worst case access 
time is 5 ns. Two output drive options, 0.6 mA and 1.2 mA, 
are available to support the driving capabilities of the em- 
bedded RAM. Note that the memory is called self-timed 
memory device because it generates and shapes its own 
write strobe internally. This pulse is generated off of the 
rising edge of the clock which is applied to the embedded 
RAM. 


Speed/Power 
Options 


Speed/power options are a feature of all FGA Series gate 
arrays. This feature allows the designer to maximize speed 
where needed, yet minimize overall chip power consump- 
tion. 


Two sets of macros are available for each logic function in 
the FGA arrays, the standard macros and the double mac- 
ros (see Table IV). The double macros use two times as 
much current as standard macros, and are designed for use 
in the critical circuitry. These two macro types can be used 
interchangeably within the same chip. 
Essentially, speed/power options are used to assign one or 
two current values (high = 0.3 mA, low = 0.15 mAl to the 
current source which controls switching speed; and one of 
two current values (high = 0.6 mA, low = 0.3 mAl to the 
true and complement outputs for output drive currents. The 
latter setting permits zero power consumption for unused 
outputs. Figure 3 illustrates circuit options for each of the 
three settings. 


Vn 
'----..---' '----..---' 


'Z' 
'ZN' 


RESISTORS INDEPENDENTLY 


CHANGED BY OUTPUT 
PULLDOWN 
SPEED/POWER 


AnRIBUTES 
Tl/U/l0560-6 


RESISTORS 
CHANGED BY 
fUNCTIONAL 
'PWR' 
SPEED/POWER 
ATTRIBUTE 


FIGURE 
3. Speed/Power 
Options 
The speed/power options are assigned during schematic 
capture. Default values for each setting may be specified 
during schematic capture as well. Designers may use the 
speed/power options to fine tune the design after place- 
ment and routing simply by returning to schematic capture 
and reassigning values without having to repeat placement 
and routing. 


The examples in Table III illustrate how speed/power op- 
tions can affect propagation delay vs. power consumption at 
the macro level. Additional speed/power tradeoffs are listed 
in "Macro Performance Examples" later in this data sheet. 


Speed/Power 
Options 
(Continued) 


TABLE 
III. Macro 
Speed/Power 
Tradeoffs 


Macro 
Speed 
(ps) 
Power 
(mW) 


2-lnput 
High 
235 
2.5 
NOR 


ORN02 
Low 
410 
1.2 


DFlip- 
High 
415 
7.5 
Flop 


DFI01 
Low 
680 
5.6 


Current 
Standard 
Macro 
(S) 
Double 
Macros 
(D) 
p.A 
High Speed 
Low 
Power 
High Speed 
Low 
Power 


Source 
Current 
300 
150 
600 
300 


OEFCurrent 
600 
300 
600 
300 


AC Specifications 


FGA Series macro propagation 
delays are specified 
as MIN, 
TYP, and MAX values, with variations 
due to process, 
power 


supply 
and temperature, 
as shown 
in the "AC 
Performance 


Variations" 
table. 


Variation 
Derating 
from 
Typical 
(%) (Note 
2) 


Type 
Minimum 
(Note 
1) 
Maximum 
(Note 
3) 


Temperature 
-10 
15 


Voltage 
-0 
-0 


Process 
-20 
20 


Total 
-30% 
35% 
Macro Performance Examples 


The following 
pages contain 
performance 
specifications 
for 


some important 
internal 
cell macros. 
Complete 
information, 


including 
design 
rules and application 
notes, 
can be found 


in the 
FGA Series 
Design 
Manual 
and 
FGA Series 
Macro 


Library. 


Note 
1: Minimum: TJ = O"C, VEE = -4.8V, 
Best Case Process 


Nole 
2: Typical: TJ ~ 2S"C, VEE ~ 
-4.SV, 
Normal Process 


Nole 
3: MlllCimum: TJ ~ 
12S"C, VEE - 
-4.2V, 
Worst Case Process 


FA21D 
One Bit Full Adder 


with 
Gates 
Inputs 
From 
To 
High Power 
Low 
Power 


Inputs 
Output 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


A1,A2 
S 
....r 
330 
410 
550 
420 
530 
710 


A1,A2 
S "- 
380 
470 
640 
420 
530 
710 


81,82 
S 
....r 
380 
470 
640 
470 
580 
790 


81,82 
S "- 
450 
560 
760 
490 
620 
830 


C1,C2 
S 
....r 
200 
250 
340 
200 
250 
340 


C1,C2 
S "- 
240 
300 
400 
280 
350 
480 


A1,A2 
CO ....r 
190 
230 
310 
190 
240 
330 
A1,A2 
CO "- 
190 
240 
330 
290 
360 
490 
81,82 
CO ....r 
240 
300 
400 
260 
330 
450 
81,82 
CO "- 
260 
330 
450 
380 
470 
640 


C1,C2 
CO ....r 
240 
300 
400 
260 
330 
450 


C1,C2 
CO "- 
260 
330 
450 
380 
470 
640 • 


Macro Performance 
Examples 
(Continued) 


Current 
in Base Macro 


lEE (mA) 


HIGH 


LOW 


ITT(mA) 


HIGH 


LOW 


ITT(mA) 


HIGH 


LOW 


MXDI02-D 
Flip Flop with 
Multiplexed 
Data Inputs 


DO 


01 


CP I 


lEE (mA) 


HIGH 


LOW 


ITT(mA) 


HIGH 


LOW 


~1~~~ 


~yy~ 


IBF03X3 
2.26 
1.52 


From 
To 
Min 
Typ 
Max 
Input 
Outputs 


I 
Z,ZL.-/ 
220 
280 
380 


I 
Z,ZL"- 
220 
280 
380 


Current 
in Base Macro 


Min 
Typ 
Max 


lEE (mA) 


0.60 
0.80 
1.0 


ITT(mA) 


0.84 
1.20 
1.56 


From 
To 
High Power 
Low Power 


Input 
Output 
Min 
Typ 
Max 
Min 
Typ 
Max 


CP 
a 
.-/ 
340 
420 
570 
530 
660 
890 


CP 
a "- 
300 
380 
510 
530 
660 
890 


CP 
aN .-/ 
340 
430 
580 
540 
670 
910 


CP 
aN "- 
310 
390 
530 
540 
680 
920 


ITT(mA) 


HIGH 


LOW 
0.78 
0.39 


From 
To 
High Power 
Low Power 


Inputs 
Output 
Min 
Typ 
Max 
Min 
Typ 
Max 


AN 
SN ...r 
160 
200 
270 
160 
200 
270 


AN 
SN 
'- 
170 
210 
280 
200 
250 
340 


AN 
CN ...r 
150 
190 
250 
140 
180 
240 


AN 
CN '- 
150 
190 
250 
190 
230 
310 


BN 
SN ...r 
200 
250 
340 
190 
240 
330 


BN 
SN '- 
230 
290 
390 
270 
340 
460 


BN 
CN ...r 
200 
250 
340 
200 
250 
340 


BN 
CN '- 
220 
280 
370 
270 
340 
460 


lEE (mA) 


HIGH 


LOW 


ITT(mA) 


HIGH 
lOW 


OROSD-S 
Input OR Gate 


~ 


From 
To 
High Power 
Low Power 


Input 
Outputs 
Mln 
Typ 
Max 
Min 
Typ 
Max 


A 
l, ll...r 
160 
200 
270 
180 
230 
310 
A 
l,ll '- 
160 
200 
270 
200 
250 
340 


Current 
in Macro Outputs 
lIT (mAl for each macro 
output 
used: 


PowerATT 
Mln 
Typ 
Max 


HIGH 
0.45 
0.60 
0.75 


LOW 
0.23 
0.30 
0.38 


Power ATT 
Mln 
Typ 
Max 


HIGH 
0.42 
0.60 
0.78 
lOW 
0.21 
0.30 
0.39 


DFI01D-D 
Flip Flop with Reset 
Propagation 
Delay (units in psl 


Q 
From 
To 
High Power 
Low Power 
D 
QL 
Inputs 
Output 
Mln 
Typ 
Max 
Min 
Typ 
Max 


CP 
CP 
a 
...r 
340 
420 
570 
500 
620 
840 


CP 
a '- 
350 
430 
580 
380 
480 
650 


CP 
ON ...r 
310 
390 
530 
400 
500 
680 


CP 
ON 
'- 
340 
430 
580 
400 
490 
670 
TL/U/10560-12 


CPLOW 


R 
920 


R 
820 • 


CPHIGH 


R 
950 


R 
880 


Macro Performance 
Examples 
(Continued) 
Current 
In Base Macro 


lEE (mA) 


HIGH 


LOW 


ITT(mA) 


HIGH 


LOW 


MXI22D-2:1 
Multiplexer 


ZL 


PowerATT 


lEE (mA) 


HIGH 


LOW 


IRCI03X2 
(3}-Dlfferentlallnput 
Buffer 


~ 


100 
Z 


100 


IN 
ZN 


IRCI03X3 


IOR102X2-2 
Input ORIN OR Gate 


~ 
~ 


IORI02X2 


Current 
In Macro Outputs 


PowerATT 


ITT(mA) 


HIGH 


LOW (Note 1) 
0.78 
0.39 


From 
To 
High Power 
Low 
Power 


Input 
Output 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


I 
Z 
....r 
170 
210 
280 
190 
230 
310 


I 
Z 
"-- 
170 
210 
280 
230 
290 
390 
I 
ZN ....r 
160 
200 
270 
160 
200 
270 


I 
ZN 
"-- 
170 
210 
280 
200 
250 
340 
S 
Z 
....r 
240 
300 
400 
320 
400 
540 


S 
Z 
"-- 
240 
300 
400 
320 
400 
540 


S 
ZN ....r 
230 
290 
390 
260 
330 
450 


S 
ZN 
"-- 
230 
290 
390 
260 
330 
450 


1.13 


0.76 


ITT(mA) 


HIGH 


LOW 


From 
To 
Mln 
Typ 
Max 
Inputs 
Output 


I,IN 
Z....r 
120 
150 
210 


I,IN 
Z"-- 
120 
150 
210 


I,IN 
ZN ....r 
120 
150 
210 


I,IN 
ZN "-- 
120 
150 
210 


From 
To 
Min 
Typ 
Max 
Input 
Outputs 


A 
Z ....r 
190 
240 
320 
A 
Z"-- 
180 
230 
310 
A 
ZN ....r 
160 
200 
270 
A 
ZN "-- 
200 
250 
340 


0.78 
0.39 


Mln 


lEE (mA) 


0.60 


RCRl50X3-DlfferentlalOutput 
Buffer 


~ 


r 


IN 
rN 


RCRI50X3 


~ 


' 
rz 
A2 


rzN 


ORI250X2 


From 
To 
Mln 
Typ 
Max 
Input 
Outputs 


A 
Z, Zl.../" 
210 
270 
370 
A 
Z,Zl 
'- 
190 
240 
320 
A 
Z, Zl.../" 
330 
410 
550 
A 
Z,Zl 
'- 
300 
380 
510 


From 
To 
Mln Typ Max 
Inputs 
Outputs 


I,IN 
FZ, FZN.../" 
400 
470 
640 
I,IN 
FZ, FZN,- 
300 
370 
500 


From 
To 
Mln 
Typ 
Max 
Input 
Output 


A 
FZ .../" 
290 
360 
490 
A 
FZ '- 
290 
360 
490 
A 
FZN.../" 
280 
350 
470 
A 
FZN,- 
290 
360 
490 


lEE (mA) 


1.20 


Mln 


ITT(mA) 


0.84 


Mln 


lEE (mA) 


4.35 


Mln 


lEE (mA) 


4.95 


• 


Macro Cells Library 


Internal Macros 


Name 
I 
Function 
I 
Cells 


BUFFERS, 
INVERTERS 


BF01 
Buffer 
1 


BFI01 
Buffer/lnverter 
2 
RCR01D 
Differential 
Receiver/Buffer 
1 


RCR11D 
Differential 
Receiver/Buffer 
1 


RCRI01 
Differential 
Receiver/Buffer 
2 


RCRN01 
Inverting 
Differential 
Receiver 
1 


GATES 


ANI02 
2-lnput 
AND/NAND 
2 


OAI23D 
3-3 ORlAND-Invert 
2 


OAI23S 
3-3 ORlAND-Invert, 
1.2 mA loef 
4 


OAI24 
4-4 ORI AND-Invert 
2 


OAI32DT 
2-2-2 ORlAND-Invert 
3 
OAI44D 
4-3-3-3 ORlAND-Invert 
4 


OAI44S 
4-3-3-3 ORI AND-Invert 
4 
OAI46 
5-4-5-6 ORI AND-Invert 
5 
OAI55DT 
5-4-3-2-1 
ORlAND-Invert 
5 
OAI66DT 
6-6-4-4-2-2 
ORlAND-Invert 
7 
OR02 
2-lnputOR 
2 
OR02D 
2-lnputOR 
1 
OR05 
5-lnputOR 
1 
OR05D 
5-lnputOR 
1 
ORI02 
2-lnput 
OR/NOR 
2 
ORI02D 
2-lnput 
OR/NOR 
2 
ORI02S 
2-lnput 
OR/NOR 
4 
ORI05 
5-lnput 
OR/NOR 
2 
ORI05D 
5-lnput 
OR/NOR 
2 
ORI05S 
5-lnput 
OR/NOR, 
1.2 mA loef 
4 
OR loa 
a-Input OR/NOR 
2 
OR loaD 
a-Input 
OR/NOR 
2 
ORI012D 
12-lnput 
OR/NOR 
3 
ORN02 
2-lnputNOR 
2 
ORN02D 
2-lnputNOR 
1 
ORN05 
5-lnputNOR 
1 
ORN05D 
5-lnputNOR 
1 
20R02D 
Dual 2-lnput 
OR, 0.6 mA loef 
2 


40R02S 
Quad 2-lnput 
OR, 1.2 mA loef 
4 


XOR04 
4-lnputXOR 
4 


XOR09 
9-lnputXOR 
a 


XORI03DT 
3-lnput 
XOR/XNOR 
3 


XORI03ST 
3-lnput 
XOR/XNOR, 
1.2 mA loef 
4 


XORI22D 
Gated 2-lnput 
XOR/XNOR 
2 


XORI22S 
Gated 2-lnput 
XOR/XNOR, 
1.2 mA loef 
4 


XORI23 
Gated 2-lnput 
XOR/XNOR 
2 


XORN04D 
4-lnput 
XNOR 
3 


XORN04S 
4-lnput 
XNOR, 
1.2 mA loef 
5 


XORN06DT 
6-lnput 
XNOR 
5 


Macro Cells Library 
(Continued) 


Internal Macros 
(Continued) 


Name 
I 
Function 
I 
Cells 


DECODERS, 
MULTIPLEXERS 


DCE02DT 
2:4 Decoder 
with Enable 
4 


DCE22 
2:4 Decoder 
with Enable 
4 


MX22 
2:1 MUX 
1 


MX34 
4:1 MUX, 3 Select 
Inputs 
3 


MXI02 
2:1 MUX, Low Enable, OR Gated Select, Compo Outputs 
3 


MXI02DT 
2:1 MUX, Low Enable, 
Complement 
Outputs 
2 


MXI02ST 
2:1 MUX, Low Enable, 
1.2 mA loef 
4 


MXI04 
4:1 MUX, Low Enable, Complement 
Outputs 
4 


MXI04DT 
4:1 MUX, Complement 
Outputs 
3 


MXI08ST 
8:1 MUX, High Enable, Compo Outputs 
1.2 mA loef 
9 


MXI22 
2:1 MUX, Low Enable, OR Gated Select, Compo Outputs 
2 


MXI22D 
2:1 MUX 
2 


MXI24DT 
4:1 MUX, Low Enable, 
Complementary 
Outputs 
4 


2MX04DT 
Dual 4:1 Multiplexer 
6 


2SELl04D 
Dual 4:1 Multiplexer 
5 


4MXI22D 
Quad 2:1 Multiplexer 
8 


4MXI22S 
Quad 2:1 Multiplexer, 
1.2 mA loef 
5 


LATCHES, 
MUX LATCHES 


LAI01 
D Latch with Reset and 2-lnput 
OR Enable 
2 


FLIP-FLOPS 


2DFN04 
Dual D Flip-Flop 
with a Common 
Clock 
4 


DFI01 
MIS 
D Flip-Flop 
with Asynchronous 
Reset 
4 


DFI01D 
MIS 
D Flip-Flop 
with Asynchronous 
Reset 
4 


DFI02 
MIS 
D Flip-Flop 
with Set, Reset, Gated Data & Clock 
4 


DFI02D 
MIS 
D Flip-Flop 
with Set, Reset, Gated Data & Clock 
4 


DFI02DT 
MIS 
D Flip-Flop 
with Active 
Low Enable 
4 


DFI04 
MIS 
D Flip-Flop, 
Positive 
Edge Triggered 
3 


DFI21 
MIS 
D Flip-Flop 
with Asynchronous 
Reset 
3 


DFI22 
MIS 
D Flip-Flop 
with Scan Input 
4 


DFS02DT 
MIS 
D Flip-Flop 
with Scan Input 
5 


DFS02ST 
MIS 
D Flip-Flop 
with Scan Input, 1.2 mA loef 
7 


DFS21DT 
MIS 
D Flip-Flop 
with Scan Input, Data Enable 
5 


DFS21ST 
MIS 
D Flip-Flop 
with Scan Input, Data Enable, 
1.2 mA loef 
7 


JKI02 
MIS IN-K 
Flip-Flop 
4 


MXDI02 
MIS 
D Flip-Flop 
with Multiplexed 
Data Input 
4 


COMPARATORS 
. 


None Available 
at This Time 
I 


MISCELLANEOUS 


AD01 
1-Bit Carry Look Ahead Adder 
3 


FA21D 
1-Bit Full Adder wlGated 
Inputs 
4 


FA21S 
1-Bit Full Adder wlGated 
Inputs, 1.2 mA loef 
8 


HA01D 
1-Bit Half Adder 
2 


HLl01 
High-Low 
Level Generator 
with Temperature 
Diode 
1 


MEMORY 


IDC02X2 
Shared 
Input Buffer, 0.6 mA loef 
1 


IDC12X2 
Shared 
Input Buffer, 0.6 mA loef 
1 


MTX50X2 
Shared Output Buffer, 
50.0. 
1 


RS69D 
64X9 
RAM 


Macro Cells Library 
(Continued) 


Input Macros 


Name 
I 
Function 
I 
Cells 


BUFFERS, 
INVERTERS 


IBF02X2 
(3) 
High Fan-Out 
Buffer, 
10 mA loef (Note 1) 
1 


IBF03X2 
(3) 
Input Buffer, 0.6 mA loef 
1 


IBFI03X2 
(3) 
Input Buffer, Complementary 
Outputs, 
0.6 mA loef 
1 


IBFN03X2 
Input Buffer, 
Inverting 
0.6 mA loef 
1 


DIFFERENTIAL 
RECEIVERS 


ICKDOX2 
Differential 
Input Clock Driver, 18 mA loef (Note 1) 
2 


ICKDOX3 
Differential 
Input Clock Driver, 18 mA loef (Note 1) 
2 


ICKD1X2 
Differential 
Input Clock Driver, 18 mA loef (Note 2) 
2 


IRCI02X2 
(3) 
Differential 
Input Buffer, Compo Outputs, 
10 mA loef 
2 


IRCI03X2 
(3) 
Differential 
Input Buffer, Compo Outputs, 
0.6 mA loef 
2 


GATES 


IOR02X2 
2-lnput 
OR, 0.6 mA loef 
, 
2 


IORI02X2 
2-lnput 
OR/NOR, 
0.6 mA loef 
2 


IORN02X2 
2-lnput 
NOR, 0.6 mA loef 
2 


IXOR02X2 
2-lnput 
XOR, 0.6 mA loef 
1 


IXORN2X2 
2-lnput 
XNOR, 0.6 mA loef 
1 


MISCELLANEOUS 


INOOX2 (3) 
I 
Input Pad (Zero Resistance) 
I 
1 


Note 
1: ICKOOX2 and ICKDOX3 
uses two external 
cells for electrical 
connection 
and cover, respectively, 
90 and 50 internal cells for clock distribution. 


Note 
2: ICKD12X2 
uses two external 
cells for electrical 
connection 
and covers 44 internal cells for clock distribution. 


Output Macros 


Name 
I 
Function 
I 
Cells 


BUFFERS, 
INVERTERS 


BF50X2 
(3) 
Output 
Buffer, 50n, 
F100K 
1 


BFI50X3 
Complementary 
Output 
Buffer, 50n, 
F100K 
2 


BFN50X2 
Output 
Inverter, 
50n, 
F100K 
1 


RCRI50X3 
Differential 
Output Buffer, 50n, 
F100K 
2 


GATES 


OR220X2 
2-lnput 
OR, 25n, 
F100K 
1 


ORI220X2 
2-lnput 
OR/NOR, 
25n, 
F100K 
2 


OR250X2 
2-lnput 
OR, 50n, 
F100K 
1 


ORN250X2 
2-lnput 
NOR, 50n, 
F100K 
1 


ORI250X2 
2-lnput 
OR/NOR. 
50n, 
F1 OOK (FGA 14K) 
2 


ORI250X3 
2-lnput 
OR/NOR, 
50n, 
F1 OOK (FGA 4K) 
2 


OR450X2 
4-lnput 
OR, 50n, 
F100K 
1 


ORN450X2 
4-lnput 
NOR, 50n, 
F100K 
1 


ORI450X2 
4-lnput 
OR/NOR, 
50n, 
F100K 
2 


BUS DRIVERS 


BD20X2 
2-lnput 
OR, 25n, 
F100K 
1 
BDN20X2 
(3) 
2-lnput 
NOR, 25n, 
F100K 
1 


Macro Cells Library 
(Continued) 


Transceivers 


Name 
Function 
Cells 


TR20X3 
2·lnput OR ECl Transceiver, 2S0 
1 
TRN20X3 
2·lnput NOR ECl Transceiver, 2S0 
1 


TRNSOX2(3) 
2·lnput NOR ECl Transceiver, son 
1 


TTLMacros 


Name 
1 
F_u_n_c_tlo_n 
~ 
C_e_lIs 
_ 


INPUT BUFFERS 


TED11X3 
TIl 
Input Buffer 


TES11X3 
TIl 
Input Buffer (+ SVOnly) 


OUTPUT 
BUFFERS 


TOBD01X3 
TOBD11X3 
TOBS11X3 


TRANSCEIVERS 


TIRD11X3 
I 
TIRS01X3 


8 mA TIl 
Output Buffer 
20 mA TIl 
Output Buffer 


20 mA TIl 
Output Buffer (+SVOnly) 


20 mA TIl 
Transceiver 
8 mA TIl 
Transceiver (+SVOnly) 


• 
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Chapter 1 
Circuit Basics 


Introduction 
ECl circuits, except for the simplest elements, are schemat- 
ically formidable and many of the specified parameters are 
relatively unfamiliar to system designers. The relationships 
between external parameters and internal circuitry are best 
determined by individually examining the fundamental sub- 
circuits of a simple element. System variables such as sup- 
ply voltage tolerances and temperature have predictable ef- 
fects on circuit parameters, thus allowing a systematic eval- 
uation of noise margins. 


Basic Eel 
Switch 
At the bottom of every ECl circuit, literally and figuratively, 
is a current source. In the basic ECl switch (Figure 
1-1), a 
logic operation consists of steering the current through ei- 
ther of two return paths to Vcc; the state of the switch can 
be detected from the resultant voltage drop across R1 or 
R2. The net voltage swing is determined by the value of the 
resistors and the magnitude of the current. Further, these 
two values are chosen to accomplish the charging and dis- 
charging of all of the parasitic capacitances at the desired 
switching rate. 


Required Input Signal 
The voltage swing required to control the state of the switch 
is relatively small due to the exponential change of emitter 
current with base-emitter voltage and to the differential 
mode of operation. For example, starting from a condition 
where the two base voltages are equal, which causes the 
current to divide equally between Q1 and Q2, an increase of 
VIN by 125 mV causes essentially all of the current to flow 
through Q1. Conversely, decreasing VIN by 125 mV causes 
essentially all of the current to flow through Q2. Thus the 
minimum signal swing required to accomplish switching is 
250 mV centered about VBB.The signal swing is made larg- 
er (approximately 750 mY) to provide noise immunity and to 
allow for differences between the VBBof one circuit and the 
output voltage levels of another circuit driving it. 


Transition 
Region 
If the voltage at the collector of Q1 is monitored while vary- 
ing VIN above and below the value of VBB,the relationship 
between VC1and VINappears as shown in Figure 
1-2. Note 
that the horizontal axis of the graph is centered on VBB;this 
emphasizes the importance of VBB in fixing the location of 
the transition region. The shape of the transition (or thresh- 
old) region is governed by the transistor characteristics and 
the value of current to be switched. Both of these factors 
are determined by the circuit designer. The shape of the 
transition region is essentially invariant over a broad range 
of conditions, due to the matching of transistor characteris- 
tics inherent with IC technology and because the transistors 
are at the same temperature. The inherent matching of IC 
resistors assures equal voltage swings at the two collectors. 


Emitter-Follower 
Buffers 


In Figure 
1-2, VC1ranges from Vcc (ground) when Q1 is off 
to approximately -0.90V 
when Q1 is conducting all of the 
source current. To make these voltage levels compatible 
with the voltages required to drive the input of another cur- 
rent switch, emitter followers are added as shown in the 
buffered current switch (Figure 
1-3). In addition to translat- 
ing VC1and VC2downward, the emitter followers also iso- 
late the collector nodes from load capacitance and provide 
current gain. Since the output impedance of the emitter fol- 
lowers is low (approximately 70), ECl circuits can drive 
transmission 
lines-coaxial 
cables, 
twisted 
pairs, 
and 
etched circuits-having 
characteristic impedances of 500 
or more. 


> Vcc 
I 
w 
~~ 


15t; -0.' 
~ 
8(; 


I 
VIN < VB8~ 
-. 
VIN > YBB 
~ 
-1.2 
v. 
-1.90 
-1.32 
-0.70 


01 off I 
~ 
I 


: Q20ff 
I- 
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TL/F/9905-2 
FIGURE 
1·2. VC1-VIN Transition 
Region • 


TL/F/9905-3 
FIGURE 
1·3. Buffered 
Current 
Switch 


In this buffered 
current 
switch, 
the collectors 
of Q3 and Q4 
return to a separate 
ground 
lead, VCCA' This separation 
in- 
sures that any changes 
in load currents 
during switching 
do 
not cause 
a change 
in VCC through 
the small 
but finite 
in- 
ductance 
of the VCCA bond wire and package 
lead. Outside 
the package, 
the VCC and VCCA leads should 
be connected 
to the common 
VCC distribution. 


For internal 
functions 
of complex 
circuits 
where 
loading 
is 
minimal, 
the buffer 
transistors 
are scaled 
down 
to maintain 
high 
switching 
speeds 
with 
modest 
source 
currents. 
For 
service 
as output 
buffers, 
the emitter 
followers 
are designed 
for a maximum 
rated output current 
of 50 mA. For standard- 
ization 
of 
testing, 
detailed 
specifications 
on 
guaranteed 
minImax 
output 
levels 
apply when 
an output 
is loaded 
with 
500 
returned 
to -2V. 
The emitter 
followers 
have no inter- 
nal pull-down 
resistors; 
consequently, 
there is maximum 
de- 
sign flexibility 
when 
optimizing 
line terminations 
and 
using 
wired-OR 
techniques 
for combinatorial 
logic 
or data 
buss- 
ing. 


Multiple Inputs 


The buffered 
switch 
of Figure 
1-3 is essentially 
an ECl 
line 
receiver 
circuit with the bases 
of both 01 
and Q2 available 
for receiving 
differential 
signals. 
With 
one input connected 
to the VBB terminal, 
the switch can receive 
a signal transmit- 
ted in a single-ended 
mode or it can act as a buffer or logic 
inverter. 
To perform 
the OR and NOR of two or more func- 
tions, 
additional 
transistors 
are connected 
in parallel 
with 
Q1 as indicated 
in Figure 
1-4. When 
any input is HIGH, 
its 
associated 
transistor 
conducts 
the source 
current 
and 02 is 
turned 
off; this causes 
the collector 
of Q1 to go lOW 
and 
the collector 
of 02 to go HIGH, with the emitters 
of Q3 and 
Q4 
following 
the 
collectors 
of 
Q1 
and 
Q2 
respectively. 
When 
two 
or more 
inputs 
are 
HIGH, 
the 
results 
are the 
same. 
Thus, 
with a HIGH 
level 
defined 
as a True 
or logic 
"1" 
signal, 
Q3 prOVides the 
NOR 
of the 
inputs 
while 
Q4 
simultaneously 
provides 
the OR. In addition 
to the logic de- 
sign flexibility 
afforded 
by the availability 
of both the asser- 
tion and 
negation, 
the 03 
and 04 
outputs 
can drive 
both 
conductors 
of a differential 
pair for data transmission. 
Also 
shown 
in Figure 
1-4 are the pull-down 
resistors, 
nominally 
50 kO, 
connected 
between 
ECl 
inputs 
and 
the 
negative 
supply. 
These 
resistors 
serve 
the 
purpose 
of holding 
un- 
used 
inputs 
in the 
lOW 
state 
by sinking 
ICBO current 
and 
preventing 
the build-up 
of charge 
on input capacitances. 
Ac- 
cordingly, 
most non-essential 
ECl 
inputs are designed 
to be 
active 
HIGH. When such inputs are not used, the pull-down 
resistors 
eliminate 
the need for external 
wiring to hold them 
lOW. 


TLIF/9905-4 


FIGURE 
1·4. Input Expansion 
by Parallel 
Transistors 


Power Conservation, 
Complementary 
Functions 


Power 
dissipation 
in an 
ECl 
circuit 
is due 
in part 
to the 
output 
load 
currents 
and 
in part 
to the 
internal 
operating 
currents. 
load 
currents 
depend 
on system 
design 
factors 
and are discussed 
in Chapter 
5. In the basic switch 
(Figure 
1-1j, power dissipation 
is fixed by the source 
current 
and the 
supply voltage, 
whether 
the circuit 
is in a quiescent 
or tran- 
sient 
state. 
There 
is no mechanism 
for causing 
a current 
spike 
such 
as occurs 
in TTl 
circuits, 
and thus 
the 
power 
dissipation 
is not a function 
of switching 
frequency. 


A distinct 
advantage 
of the ECl 
switch 
is the ease of form- 
ing both 
the 
assertion 
and 
negation 
of a function 
without 
additional 
time delay or complexity. 
This is very significant 
in 
complex 
MSI functions, 
since 
it helps 
to maximize 
the effi- 
ciency 
of the internal 
logic while 
minimizing 
chip area and 
power 
consumption. 
Since 
most 
100K 
ECl 
devices 
have 
complementary 
outputs, 
the system designer 
has similar op- 
portunities 
to reduce 
package 
count 
and power 
consump- 
tion while 
enhancing 
logic efficiency 
and reducing 
through- 


put times. 


Series Gating, Wired-AND 


Quite often in ECl 
elements, 
the circuitry 
required 
to gener- 
ate functions 
is much 
simpler 
than 
the 
detailed 
logic 
dia- 
grams 
suggest. 
In addition 
to readily 
available 
complemen- 
tary 
functions 
and the 
wired-OR 
option, 
other 
techniques 
providing 
high performance 
with 
low part count 
are series 
gating and wired collectors. 
These 
are illustrated 
in principle 
by the simplified 
schematics 
of Figures 
1-5 and 
1-6. 


R2 


AS + ij = AS 


FIGURE 
1-6. Exclusive-ORINOR 


In Figure 
1-5, if both 
A and B are HIGH, 
then 
01 
and 03 
conduct 
and Is flows through 
R1, making the collector 
of 01 
go lOW, 
thereby 
achieving 
the NAND of A and B. Connect· 
ing the collectors 
of 02 
and 04 
to the same 
load resistor 
provides 
the AND of A and B. If the collectors 
of 03 and 04 
were 
interchanged, 
a different 
pair of functions 
of A and B 
would 
be 
produced. 
Similarly, 
a 
third 
functional 
pair 
is 
achieved 
by interchanging 
the collectors 
of 01 and 02. For 
03 
and 04 to operate 
at a lower voltage 
level than 01 
and 
02, the voltage 
level of B is translated 
downward 
from the 
normal 
ECl 
levels 
and 
V'ss 
is similarly 
translated 
down- 
ward 
from 
the 
Vss 
voltage. 
In the 
slightly 
more 
complex 
circuit 
in Figure 
1-6, another 
pair of transistors 
is added 
to 
obtain 
the Exclusive-OR 
and Exclusive-NOR 
functions. 


Connecting 
transistors 
in series 
is not limited 
to two levels 
of decision 
making; 
three 
levels 
are shown 
in the simplified 
schematic 
of an octal decoding 
tree (Figure 
1-7). If the three 
input 
signals 
are all HIGH, 
01 
conducts 
through 
09 
and 
013 to make the collector 
of 01 
lOW. 
In all, there are eight 
possible 
paths through 
which 
the source 
current 
can return 
to the positive 
supply. 
A lOW 
signal at the collector 
of any 
one 
of the transistors 
in the top 
row represents 
a unique 
combination 
of the three 
input signals. 
This 1-of-8 decoding 
circuit 
illustrates 
very 
clearly 
how 
ECl 
design 
techniques 
make 
the 
most 
efficient 
use of components 
and power 
to 
generate 
complex 
functions. 
This same set of switches, 
with 
the 
upper 
collectors 
wired 
in two 
sets 
of four 
collectors 
each, generates 
the binary sum and its complement 
of the 
three 
input signals. 


The Current Source, Output 
Regulation 


All elements 
of the F100K 
circuits 
use a transistor 
current 
source 
illustrated 
in Figure 
1-8. Source 
current 
is deter- 
mined by an internally 
generated 
reference 
voltage Yes, the 
emitter 
resistor 
Rs and the base-emitter 
voltage 
of 05. The 
reference 
voltage 
is designed 
to remain 
fixed 
with 
respect 
to the negative 
supply VEE, which 
makes 
Is independent 
of 
supply voltage. 


TLIF/9905-B 
FIGURE 
1-8. Constant 
Current 
Source 
for a Switch 


Regulating 
the current 
source 
(Is) simplifies 
system 
design 
because 
output 
voltage 
and switching 
parameters 
are not 
sensitive 
to VEE changes. 
Output 
voltage 
levels 
are deter- 
mined 
primarily 
by the voltage 
drops 
across 
R1 and R2 re- 
sulting 
from the collector 
currents 
of 01 
and 02. Since 
the 
collector 
current 
of the conducting 
transistor 
(01 or 02) is 
determined 
by 
Is and 
the 
transistor 
a, 
the 
voltage 
drop 
across 
the 
collector 
load 
resistor 
is not 
sensitive 
to V EE 
variations. 
For example, 
a 1V change 
in VEE changes 
the 
output 
level VOL by only 30 mY. 


Switching 
parameters 
are affected 
by transistor 
characteris- 
tics, 
the 
collector 
resistor 
(R1 or R2), stray 
capacitances, 
and the amount 
of current 
being switched. 
In other forms 
of 
ECl 
where 
source 
currents 
change 
with VEE, switching 
pa- 
rameters 
are directly 
affected. 
This sensitivity 
is essentially 
eliminated 
in F100K 
circuits 
by regulating 
Is against 
VEE 
changes. 


Power dissipation 
in an ECl 
switch 
is the product 
of 'S and 
VEE. By holding 
Is constant 
with VEE, incremental 
changes 
in dissipation 
are linear with VEE changes. 
In non-regulated 
ECl, 
Is increases 
with 
VEE causing 
switch 
dissipation 
to 
change 
more rapidly with VEE. 
,. 


Threshold 
Regulation 


As previously discussed, the input threshold region of an 
ECl switch is centered on the internal reference Vss. In 
F100K circuits, the on-chip bias driver holds Vss constant 
with respect to Vcc, thus minimizing changes in input 
thresholds with VEE.For a VEEchange of 1V, for example, 
Vss changes by approximately 25 mY. 


With output voltage levels and input thresholds regulated, 
F100K circuits tolerate large differences in VEE between a 
driving and a receiving circuit and still maintain good noise 
margins. For example, a driving circuit operated with -4.2V 
and receiving circuit operated with -5.7V 
experience a 


lOW state noise margin loss of only 30 mV to 40 mV com- 
pared to the ideal case of both circuits with VEE = -4.5V. 
This insensitivity to VEEsimplifies the design of system pow- 
er distribution and regulation. 


Temperature 
Compensation 
In F100K circuits, input thresholds are made insensitive to 
temperature by regulating Vss. Output voltage levels are 
made insensitive to temperature by a correction factor de- 
signed into the current source and by a simple network con- 
nected between the bases of the output transistors as 
shown in Figure 
1-9. 


vcc 


RI 
R2 


TLiF/9905-9 
FIGURE 1-9. Temperature Compensation 


With 01 conducting and 02 off, most of the source current 
flows through R1, while a small amount flows through R2, 
01 and R3. If the chip temperature increases, the source 
current is made to increase, causing an increase in the volt- 
age drop of sufficient magnitude across R1 to offset the 
decrease in base-emitter voltage of 03. The voltage drop 
across R1 increases with temperature at the rate of approxi- 
mately 1.5 mV/'C, while the voltage drop across 01 de- 
creases at the same rate. This means that there is a net 
voltage increase of 3 mV/'C across the series combination 
of R2 and R3. This increase is equally divided between 1he 
two resistors since R3 is equal to R2 (and R1); thus the 
voltage at the base of 04 goes negative by 1.5 mV/,C, off- 
setting the decrease in the base-emitter voltage of 04. 
When 02 is on and 01 is off, the same relationships apply 
except that most of the current flows through R2, and 02 
conducts instead of 01. F100K change rates for VOH,Vss, 
and VOL are approximately 0.06,0.08 
and 0.1 mV/,C, re- 


spectively. 


The stabilization of output levels against changes in temper- 
ature provides significant advantages to both the user and 
manufacturer. In testing, an extended thermal stabilization 
period is not required, nor is an elaborate air cooling ar- 
rangement necessary to obtain correlation of test results 
between user and supplier. In a system, the output signal 
swing of a circuit does not depend on its temperature, there- 
fore temperature differences do not cause a mismatch in 
signal levels between various locations. With temperature 
gradients thus eliminated as a system constraint, the design 
of the cooling system is greatly simplified. 


Noise Margins 
The most conservative values of ECl noise margins are 
based on the OCtest conditions and limits listed 011 the data 
sheets. Acceptance limits on VOHand VOLare identified on 
a symbolic waveform in Figure 
1-10, with the boundaries of 


the input threshold region also identified. The HIGH-state 
noise margin is usually defined as the difference between 
VOH(Min)and VIH(Min),with the lOW-state margin defined 
as the difference between VOL(Max)and VIL(Max)'These two 
differences are identified as VNHand VNLrespectively. The 
worst case input and output test points are also identified on 
the OR gate transfer function shown in Figure 
1-11. The 


transition region indicated by the solid line is applicable 
when the internal reference Vss has the design center val- 
ue of -1.32V for F1OOKcircuits. The transition regions indi- 
cated by the dashed lines represent the lot-to-lot displace- 
ment resulting from the normal production tolerances on 
Vss, which amount to ±40 mV for F100K circuits. Using 
F100K circuit values as an example. the dashed curve on 
the right correlates with a Vss value of -1.280V, 
and the 


input test voltage VIH(Min)is -1.165V, 
for a net difference 


of 115 mY. Similarly, the dashed curve on the left applies 
when Vss is -1.360V 
with VIL(Max)specified as -1.475V, 


which also gives a net difference of 115 mY. The points 
VOHCand VOLCare commonly referred to as the corner 
points because of their location on the transfer function of 
worst case circuits. 
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FIGURE 1-10. Identifying Specification 
limits 
on 


Input and Output Voltage Levels 


In actual system operation, the noise margins VNHand VNL 
are quite conservative because of the way VIH(Min)and 
VIL(Max)are defined. From the transfer function of Figure 
1-11, for example, VIH(Mln)is defined as a value of input 
voltage which causes a worst-case output to decrease from 
VOH(Mln)to VOHC This change in VOH amounts to only 
10 mV for F1OOKcircuits. Thus, if a worst case OR gate has 
a quiescent input of VOH(Min),a superimposed negative-go- 
ing disturbance of amplitude VNH causes an output change 
of only 10 mV, assuming that the time duration of the distur- 
bance is sufficient for the OR gate to respond fully. In 


Noise Margins 
(Continued) 


contrast, 
a system 
fault does not occur 
unless the superim- 
posed 
noise 
at the 
OR 
input 
is of sufficient 
amplitude 
to 


cause 
the output 
response 
to extend 
into the threshold 
re- 
gion(s) 
of the 
load(s) 
driven 
by the 
OR gate. 
In general, 
noise 
becomes 
intolerable 
when 
it propagates 
through 
a 


string 
of gates 
and 
arrives 
at the 
input 
of a regenerative 


circuit 
(flip-flop, 
counter, 
shift 
register, 
etc.) 
with 
sufficient 
amplitude 
to reach the Vss 
level. 


The 
critical 
requirement 
for propagating 
either 
a signal 
or 


noise 
through 
a string 
of gates 
is that 
each 
output 
must 


exhibit 
an excursion 
to the Vss 
level of the next gate in the 


string, 
assuming, 
of course, 
that 
the time 
duration 
is suffi- 
cient to allow full response. 
If the excursion 
at the input of a 
particular 
gate either 
falls short 
or exceeds 
Vss, 
the effect 


on its output 
response 
is magnified 
by the voltage 
gain of 


the 
gate. 
On the 
voltage 
transfer 
function 
of a gate, 
the 


slope 
in the transition 
region 
is not, strictly 
speaking, 
con- 
stant. 
However, 
for 
input 
signal 
excursions 
of 
about 


± 50 mV on either 
side of Vss, 
a value 
of 5.5 may be used 


for the 
voltage 
gain. 
For example, 
if the 
noise 
(or signal) 


excursion 
at the input of a gate falls short of Vss 
by 20 mV, 
the 
gate 
output 
response 
is 110 mV less. 
Another 
useful 


relationship 
is that if the input voltage 
of a gate is equal to 


Vss, the output 
voltage 
is also equal to Vss, within 
perhaps 


30 mY. 


To determine 
the 
combined 
effects 
of circuit 
and 
system 


parameters 
on noise propagation 
through 
a string of gates, 
refer to Figure 
1-12. The voltages 
V1 and V2 represent 
dif- 


ferences 
in ground 
potential, 
while Vs and V4 are VEE differ- 


ences. 
The output 
of gate A is in the quiescent 
LOW state 


and VPL is a positive-going 
disturbance 
voltage. 
Now, 
how 


large can VPL be without 
causing 
propagation 
through 
gate 


C? For a starting 
point, assume 
all three 
gates are identical 


with typical 
parameters; 
VEE is -4.5V, 
the ground drops are 


zero, 
and there 
are no temperature 
gradients. 
Voltage 
pa- 
rameters 
of F100K 
circuits 
are used. 
With 
typical 
circuits 


and the idealized 
environment, 
the maximum 
tolerable 
value 


of VPL for propagation 
is the difference 
between 
the nomi- 
nal Vss 
of -1.320V 
and nominal 
VOL of -1.705V, 
or 385 


mY. The following 
steps 
treat 
each 
non·ideal 
factor 
sepa· 


rately and the required 
reduction 
in VPL is calculated. 
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FIGURE 
1-11. Location 
of Test 
Points 


and Threshold 
on a Transfer 
Function 
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FIGURE 
1-12. Arrangement 
for Noise 
Propagation 
Analysis 


Non-Typical 
Vaa of Gate 
B: Specifications 
provide 
for Vss 


variations 
of ± 40 mY. If the Vss 
of gate B is 40 mV more 


negative 
than 
nominal, 
VPL must be reduced 
by the same 


amount. 


6.VPL = -40 
mV 


VPL = 385 - 
40 = 345 mV 


Non-Typical 
VOL of 
Gate 
A: VOL limits 
are 
-1.620V 
to 
-1.810V 
corresponding 
to the ± 3<T points 
on the distribu- 
tion. Statistically, 
this means 
that 
98% 
of the circuits 
have 


VOL values 
of 
-1.650V 
or lower. 
Since 
this 
value 
differs 
from the nominal 
VOL by 55 mV, VPL must be reduced 
ac- 


cordingly. 


6.VPL = -55 
mV 


VPL = 345 - 
55 = 290 mV 


Difference 
in Ground 
(Vccl 
Potential 
between 
Gates 
A 


and B: Since the Vcc 
lead of Gate B is the reference 
poten- 


tial for input voltages, 
V 1 in the 
polarity 
shown 
effectively 


makes the VOL of Gate A more positive. 
Minimizing 
ground 


drops is one of the system 
designer's 
tasks (Chapter 
5) and 
its effect 
on noise 
margins 
emphasizes 
its importance. 
For 


this analysis, 
a value 
of 30 mV is assumed. 


6.VPL = 30 mV 


VPL = 290 - 
30 = 260 mV 


Difference 
In VEE between 
Gates 
A and 
B: In the polarity 


shown, 
Vs reduces 
the supply voltage 
for Gate A since it is 


assumed 
that Gate B has VEE of -4.5V. 
The indicated 
po- 
larities 
of V1 and Vs seem 
to be in conflict 
if it is assumed 


that 
Vs represents 
only 
ohmic 
drops 
along 
the 
VEE bus. 


Since 
Vs may, however, 
be caused 
by the use of different 


power supplies 
or regulators 
as well as by ohmic 
drops, 
the 


polarities 
may exist as indicated. 
In any actual 
situation, 
the 


designer 
can usually 
predict 
the directions 
of supply 
current 


flow 
by observation 
of the physical 
arrangement. 
As men- 


tioned 
earlier, 
a 1V change 
in VEE causes 
a VOL change 


30 mV, or 3%. Assuming 
a value of 0.5V for Vs and adding 


the 30 mV of V1, the net reduction 
in supply voltage 
for Gate 


A is 0.53V. 
Using 3% of this reduction 
as the change 
in VOL 


gives a positive 
VOL shift of 16 mV, which 
is a reduction 
of 


noise margin. 


6.VPL = -16 
mV 


VPL = 260 -16 
= 244mV 


If the net supply voltage 
of Gate A is assumed 
to be -4.5V, 


then V1 and Vs cause 
Gate B to have a greater 
supply volt- 
age. This, 
in turn, 
causes 
the Vss 
of Gate 
B to go more 


negative 
at the rate of 25 mVIV 
of VEE change, 
or 2.5%. ,. 


Non-Typical 
VBB of Gate 
B: This was considered 
earlier 
for its effect 
at the input of Gate B. It must also be consid- 
ered for its effect 
on the excursions 
of the output voltage 
of 
Gate B. Since the net input voltage 
of Gate B (VOL + VpLl 
reaches 
the VBB level of Gate B, the output 
excursion 
also 
extends 
to the VBB level and perhaps 
30 mV beyond 
(more 
negative). 
This means 
that the output 
excursion 
of Gate 
B 
could 
be 90 
mV more 
negative 
than 
the 
nominal 
VBB of 
Gate C. This excess 
excursion 
must be divided 
by the volt- 
age 
gain 
of Gate 
B to determine 
exactly 
how 
much 
VPL 
must be reduced 
as compensation. 


aVPL = -90/5.5 
= -16mV 


VPL = 244 - 
16 = 228 mV 


Non-Typical 
VBB of Gate 
C: The VBB of Gate C could 
be 
40 mV more 
positive 
than 
the 
nominal 
value 
of 
-1.320V. 
Dividing 
by the voltage 
gain of Gate B gives the necessary 
reduction 
of VPL. 


a VPL = -40/5.5 
= -7 
mV 


VPL = 228 - 
7 = 221 mV 


Difference 
in Vcc Potential 
between 
Gates 
Band 
C: For 
the polarity 
shown, 
V2 makes the net voltage 
at the C input 
more 
negative 
with respect 
to the Vcc 
lead of Gate C. As- 
sume 30 mV for V2 as was done for Vj. 


aVPL = -30/5.5 
= -5.0 
mV 


VPL = 217 - 
5 = 212 mV 


Difference 
in VEE between 
Gates 
Band 
C: In the polarity 


shown, 
V4 reduces 
the supply 
voltage 
for Gate C, as does 
V2' As previously 
mentioned, 
VBB changes 
with 
VEE at a 
rate of 25 mVIV, 
or 2.5%. 
Assuming 
a value of 0.5V for V4, 


pmSllIVtt, wlln 
re:speCl lO Il::i own 
vcc 
leao. 
I niB mUSI 
De 


divided 
by the gain of Gate B to determine 
the effect 
on the 


permissible 
value of VPL. 


aVPL = -13/5.5'" 
-2 
mV 


VPL = 212 - 
2 = 210 mV 


At this 
point 
the 
more 
conservatively 
defined 
VNL (Figure 


1-10j 
should 
be evaluated 
and 
compared 
with 
VpL. Sub- 


tracting 
the 
values 
of 
VOL(Max) and 
VIL(Max), a value 
of 


145 mV for VNL is obtained. 


The primary 
advantage 
of using VNH and VNL as the limits 


of tolerable 
noise 
is that they provide 
for simultaneous 
ap- 


pearance 
of noise on inputs and outputs. 
Whatever 
the sys- 


tem 
designer's 
preference 
regarding 
noise 
margin 
defini- 


tions, the important 
factor 
is to recognize 
that the a Vcc and 


a VEE between 
devices 
decrease 
the 
noise 
margins 
and 


therefore 
should 
be minimized. 
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Chapter 2 
Logic Design 


Introduction 


The F1 OOK family 
is comprised 
of SSI, MSI, lSI, 
logic func- 


tions, 
gate 
arrays, 
SiCMOS 
SRAMs, 
and PAls. 
The latest 
addition 
to the F100K 
family 
is the 300 Series. 
300 Series 
devices 
are 
functionally 
equivalent 
redesigns 
of 
existing 
F1 OOK devices, 
but with added enhancements 
such as: low- 


er 
power, 
PCC 
packaging, 
ex1ended 
operating 
voltage 
range, 
military versions 
and ESD protection 
of 2000V 
(mini- 


mum). 


This 
chapter 
covers 
basic 
gates 
and flip-flops, 
as well 
as 


applications 
using 
MSI functions. 
In most cases 
a 300 Se- 
ries 
redesign 
is available 
in place 
of the 
referenced 
100 
Series 
part. 
Refer 
to the Applications 
section 
of this data- 
book 
for the 
latest 
publications 
using 
ECl 
logic. 
Gate 
Ar- 
rays, PAls, 
and MSI are covered 
in separate 
pUblications. 


All SiCMOS 
SRAM 
applications 
are included 
in the Memory 
Databook. 


National 
F100K 
ECl 
logic symbols 
use the positive 
logic or 


"active-HIGH" 
option 
of Mll-STD-806S. 
logic 
'1' 
or "ac- 


tive-High" 
is the more positive 
voltage, 
nearest 
ground 
(typi- 
cally 
-0.955V). 
logic 
'0' or "active-lOW" 
is the more neg- 


ative level, nearest 
VEE (typically 
-1.705V). 


OR/NOR 
Gates 


The most basic F1 OOK ECl 
circuit is the ORINOR 
gate (Fig- 


ure 2-1). 
If the 
input 
(A or S) voltages 
are more 
negative 


than the reference 
voltage 
VBB, 01 and 02 are cut off (non- 


conducting) 
and 03 
conducts, 
holding 
the collector 
of 03 


VEE 
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lOW. 
Since the base of 04 
is lOW, 
the pull-down 
resistor 
or terminator 
connected 
to its emitter 
makes 
the OR output 


lOW. 
The base of 05 is HIGH (near ground) 
and its emitter 
pulls the NOR output 
HIGH. 
If either 
input is more 
positive 


than VBB, 01 or 02 conducts 
and 03 
is cut off. This makes 
the base of 04 
HIGH, resulting 
in a HIGH at the OR output. 


At the same time, the base of 05 is lOW 
and the pull-down 
resistors 
or terminator 
pulls the NOR output 
lOW. 
Detailed 
information 
concerning 
F100K 
ECl 
circuit 
basics 
may 
be 
found 
in Chapter 
1. 


The F100K family 
includes 
two OR/NOR-gate 
devices. 
The 


F100101 
is a triple 
5-input 
ORINOR 
and the F100102 
is a 
quint 
2-input 
ORINOR 
with common 
enable. 
One element 


of the F100102 
is shown 
in Figure 
2-2, the corresponding 
truth table 
is Table 
2-1. 


D1x 
D2x 
E 
Ox 
Ox 


l 
l 
l 
l 
H 


l 
l 
H 
H 
l 


l 
H 
l 
H 
l 


l 
H 
H 
H 
l 


H 
l 
l 
H 
l 


H 
l 
H 
H 
l 


H 
H 
l 
H 
l 


H 
H 
H 
H 
l 


Wired-OR 
Function 


A wired-OR 
function 
can 
be implemented 
simply 
by con- 


necting 
the 
appropriate 
outputs 
external 
to 
the 
package 
(see Figure 2-3). Each output 
is buffered 
so that the internal 


logic is not affected 
by the wire-OR. 
This is a positive 
logic 
OR, not to be confused 
with a DTl 
wired-AND 
or the inter- 


nal series 
gating 
used for some 
ECl 
functions. 
This wired- 


OR is especially 
useful 
in implementing 
data 
busses. 
For 
further 
information 
see Chapter 
4. 
• 


F~(A+B)+(C+O) 


~A+B+C+O 
=A·S-C·O 


F~A+B+C+D 


~ AB + CO 


::D=rrF 
o=e2-lG 


G ~ (A+B) + (C+O) 


= (AB) + C + 0 
F ~ A+B + C+D 


~ A+B + (CD) 


AND Function 
The positive logic AND function is directly available in 
FlOOK EeL (Fl00l04). 
There are two other approaches 


which can be taken to sol',e the problem of implementing an 
AND. 
The first solution is indicated in Figure 2-4. A positive logic 
OR gate can be redrawn as a negative logic AND gate. To 
take advantage of this requires active-LOW input terms; but, 
since practically every FlOOKcircuit provides complementa- 
ry outputs, this should not be a problem. 
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FIGURE 2·4. Fl00101 Redrawn as AND/NAND Gate 


The second possible solution is to use devices in a manner 
other than that intended, at the cost of package efficiency. 
The Fl 00117 may be used as a triple 3-input AND/NAND 
by connecting only one input on each of the OR gates. The 
Fl 00179 may be used as a single 9-input AND gate by con- 
necting the inputs to Cn and G7 through Go. The Pn inputs 
are left open (LOW) and the output is taken from Cn+ 8. 


OR-AND, OR-AND-Invert 
Gates 


The Fl00117 
is a triple 2-wide OR-AND, OR-AND-Invert 


Gate. The logic diagram and truth table for one section of 
the Fl 00117 are shown in Figure 2-5 and Table 2-2, respec- 
tively. The Fl00118 5-wide OAlOAI has OR inputs of 5, 4, 
4,4, and 2. 


FIGURE 2·5. F100117 OAlOAI Gate 


TABLE 2-2. F100117 Truth Table 


Ex 
Dlx 
D2x 
D3x 
D4x 
Ox 
Ox 


H 
H 
X 
H 
X 
H 
L 


H 
X 
H 
X 
H 
H 
L 


X 
L 
L 
X 
X 
L 
H 


X 
X 
X 
L 
L 
L 
H 


L 
X 
X 
X 
X 
L 
H 


H ~ HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = Don't Care 


Exclusive-OR/Exclusive-NOR 
Gate 


The Fl00l07 
is a quint exclusive ORINOR gate. In addition 


to providing the exclusive-OR/exclusive-NOR of the five in- 
put pairs, a comparison output is available. If the five pairs 
of inputs are identical, bit by bit, then the common output 
will be LOW. 


Flip-Flops and Latches 
Flip-flops and latches are treated together due to their simi- 
larity. The only difference is that latch outputs follow the 
inputs whenever the enable is LOW, whereas a flip-flop 
changes output states only on the LOW-to-HIGH clock tran- 
sition. 
The advantage of an edge-triggered flip-flop is that the out- 
puts are stable except while the clock is rising; a latch has 
better data-to-output propagation delay while the enable is 
kept active. 


Both latches and flip-flops are available three to a package 
with individual as well as common controls and six to a 
package with only common controls. There are a total of 
four parts as indicated below. 


TrIple w/lndlvldual 
Hex w/Common 


Controls 
Controls 


Flip-Flops 
Fl00131 
Fl00151 


Latches 
Fl00130 
Fl00150 


Figure 2-6 shows the eqUivalent logic diagram of % of an 
Fl00131. The internal clock is the OR of two clock inputs, 
one common to the other two flip-flops. The OR clock input 
permits common or individual control of the three flip-flops. 
In addition, one input may be used as a clock input and the 
other as an active-LOW enable. 


When 
the clock 
is LOW, the slave 
is held steady 
and the 


information 
on the D input is permitted 
to enter the master. 


The 
transition 
from 
LOW 
to HIGH 
locks 
the 
master 
in its 


present 
state 
making 
it insensitive 
to the D input. This tran- 


sition 
simultaneously 
connects 
the 
slave 
to 
the 
master, 
causing 
the new information 
to appear 
at the outputs. 
Mas- 


ter and slave clock 
thresholds 
are internally 
offset 
in oppo- 


site 
directions 
to 
avoid 
race 
conditions 
or 
simultaneous 


master/slave 
changes 
when 
the clock 
has slow rise or fall 


times. 


The Clear and Set Direct for each flip-flop 
are the OR of two 


inputs, 
one common 
to the other 
two flip-flops. 
The output 


levels 
of a flip-flop 
are unpredictable 
if both 
the 
Set 
and 


Clear 
Direct 
inputs 
are active. 


The outputs 
of all F1OOK flip-flops 
and latches 
are buffered. 
This means 
that they can be OR-wired; 
noise appearing 
on 


the outputs 
cannot 
affect 
the state of the internal 
latches. 


Table 
2-3 is the truth 
table 
for the 
F100131 
flip-flop. 
The 


truth 
table 
for the 
F100130 
latch 
is similar 
except 
the en- 
ables 
are 
active 
LOW 
whereas 
the 
F100131 
clocks 
are 
edge triggered. 


On 
CPn 
CPc 
MS 
MR 
On(! + 1) 
SOn 
COn 


L 
-f 
L 
L 
L 
L 
H 
-f 
L 
L 
L 
H 


L 
L 
-f 
L 
L 
L 
H 
L 
-f 
L 
L 
H 


X 
H 
X 
L 
L 
an(t) 


X 
X 
H 
L 
L 
an(t) 


X 
X 
X 
H 
L 
H 


X 
X 
X 
L 
H 
L 


X 
X 
X 
H 
H 
U 


H ~ 
HIGH Voltage Level 
L ~ 
LOW Voltage Level 
X ~ 
Don't Care 
U ~ Undefined 


t, t + 1 = Time before 
and after CP positive transition 


If eight 
flip-flops 
are desired, 
such 
as for pipeline 
register 


applications, 
the F100141 
Shift Register 
can be used. 
Nei- 


ther reset nor complementary 
outputs 
are available. 
The Se- 


lect 
inputs 
may be used 
to mechanize 
a clock 
enable 
as 


shown 
in Figure 2-7. 


CLOCK 
ENABLE 
(ACTIVE 
LOW) 


CLOCK 


Tl/F/9899-9 
FIGURE 
2·7. F100141 
as Octal 
D Flip-Flop 


Counters 


The 
F100136 
operates 
either 
as 
a 
modul0-16 
up/down 


counter 
or as a 4-bit bidirectional 
shift register. 
It has three 
Select 
inputs 
which 
determine 
the 
mode 
of operation 
as 


shown 
in Table 
2-4. 
In addition, 
a Terminal 
Count 
output, 
and two Count 
Enables 
are provided 
for easy expansion 
to 
longer 
counters. 
A detailed 
truth 
table 
for the 
F100136 
is 
included 
in the specification 
sheet. 
To achieve 
the highest 
possible 
speed, 
complementary 
outputs 
should 
be equally 


terminated, 
Le., if Q2 is used, 02 should 
be equally terminat· 


ed even if not used. If neither 
output 
of a particular 
stage is 


used, then 
both outputs 
can be left open. 


TABLE 
2-4. F100136 
Function 
Select 
Table 


So 
S1 
S2 
Function 


L 
L 
L 
Load 


L 
L 
H 
CountDown 


L 
H 
L 
Shift Left 


L 
H 
H 
Count Up 


H 
L 
L 
Complement 


H 
L 
H 
Clear 


H 
H 
L 
Shift Right 


H 
H 
H 
Hold 


VARIABLE 
MODULUS 
COUNTERS 


An F1 00136 
can act as a programmable 
divider 
by preset- 


ting it via the parallel 
inputs, counting 
down to minimum 
and 


then 
presetting 
it again 
to start 
the 
next cycle. 
Figure 
2-8 


shows 
a one-stage 
counter 
capable 
of dividing 
by 2 to 15. 


So and S1 are unconnected 
(therefore 
LOW) and the coun- 


ter thus is in either the Count 
Down or Parallel 
Load mode, 


depending 
on whether 
S2 is HIGH 
or LOW, 
respectively. 


CEP and CET are also LOW, enabling 
counting 
when 
S2 is 


HIGH. 
Immediately 
after 
the counter 
is preset 
to N, which 
must be greater 
than one, the LOAD signal goes HIGH and 


the F100136 
starts counting 
down on the next clock. 
When 
it counts 
down to one, the LOAD signal goes LOW and pre- 
setting 
will occur 
on the next clock 
rising edge. Generating 


the 
LOAD 
signal 
on 
the 
count 
of one, 
rather 
than 
zero, 
makes 
up for the clock 
pulse 
used in presetting. 


FIGURE 
2-8. 1-Stage 
Counter 


A 3-stage 
programmable 
divider 
is shown 
in Figure 2-9. The 


TC output 
of the first 
stage 
enables 
counting 
in the upper 


stages, 
while 
the TC output 
of the second 
stage 
also 
en- 


ables 
counting 
in the third stage. 
The D-input 
signal 
to the 


flip-flop 
is normally 
HIGH 
and 
thus 
0 
is normally 
LOW. 


When both the second 
and third stage counters 
have count- 


ed down to zero, the TC output 
of the third stage goes LOW. 


When 
the first stage subsequently 
counts 
down 
to one, the 


D signal goes LOW, as does LOAD. 
Presetting 
thus occurs 


on the next clock and 0 goes HIGH to end the LOAD signal 
and permit 
counting 
to resume 
on the next clock. 


In Figure 
2-8, the maximum 
clock 
frequency 
is determined 


by the sum of the propagation 
delays from CP to Q and the 


OR gate, 
plus the setup 
time from 
S to CPo The maximum 


frequency 
is approximately 
220 MHz for typical 
units or 170 


MHz for worst·case 
units. 
In Figure 
2-9 the critical 
path 
is 


CP to Q of the first stage plus both OR gates, 
plus the S to 


CP set-up time of the counters. 
Typical 
and worst-case 
max- 


imum frequencies 
are 190 MHz and 140 MHz respectively. 


INTERCONNECTING 
COUNTERS 


The terminal 
count 
and count 
enable 
connections 
provide 


an easy method 
of interconnecting 
the F100136 
counter 
to 


achieve 
longer 
counts. 
Figure 
2-10 
shows 
a method 
that 


uses few connections 
but has a drawback. 
The counters 
are 


fully synchronous, 
since 
the clock 
arrives 
at all devices 
at 


the same time; the only drawback 
is that the count 
enables 


have 
to 
"trickle" 
down 
the 
chain. 
This 
results 
in a lower 


maximum 
counting 
rate since it drastically 
increases 
the set· 


up time from enable 
to clock. 


Figure 2-11 shows 
a method 
for partially 
overcoming 
these 


drawbacks. 
The enable 
to clock 
set·up 
is now one CET to 


TC propagation 
delay plus one CEP to CP set-up. The count 


speed is thus increased. 
This is best seen by assuming 
that 


all stages 
except 
the second 
are at terminal 
count. 
At the 


next 
clock 
pulse, 
the 
second 
counter 
reaches 
terminal 


count and the first stage exits terminal 
count. The command 


to suppress 
counting 
in the 
third 
and 
fourth 
(and 
subse- 
quent) 
stages 
arrives 
very 
quickly 
(via CEP). The terminal 


count from the second 
stage propagates 
via TC and CEP to 


the high order stages, 
but has a full 15 counts 
to do so. 


PRESET 
N 
r~------- 
A. 
", 


Po-P:J 
Po-P:J 


52 
52 


COUNT ENABLE 
CEP 
CEP 
Fl00136 
Fl00136 
TC 
TC 


~N 
CP 
CP 
000,0203 


CEP 


CET 
Fl00136 


CP 


CEP 


CET 
Fl00l36 
CP 


CEP 


CET 
Fl00136 


CP 


Fl00136 
CET 
TC 


CP 


CEP 


CET 
Fl00136 
TC 


CP 


CEP 


CET 
Fl00136 
TC 
CP 


• 


Counters 
(Continued) 


DECODING OUTPUTS 
Since the complementary outputs from each stage are 
available, it is an easy matter to decode any value. (Clearly, 
if many values needed to be decoded one would choose a 
decoder chip.) Figure 
2-12 
shows an Fl00136 
and % 
Fl 00101 interconnected to decode 1001 (NINE). Both com- 
plementary outputs of NINE are available and there is a 
spare input on the decoding gate. 


TLIF 19899-13 


FIGURE 2·12. Decoding States of F100136 


Shift Registers 
The Fl00141 is an a-bit universal shift register. It can be 
used for parallel-to-serial or serial-to-parallel conversion and 
it will shift left or right. The truth table is shown in Table 2-5. 


TABLE 2·5. F100141 Truth Table 


S, 
So 
CP 
Mode 


L 
L 
....r 
Parallel Load 


L 
H 
....r 
Shift Left (00 ~ 
07) 


H 
L 
....r 
Shift Right (07 ~ 
00) 


H 
H 
X 
Hold 


H ~ 
HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = Don't Care 


Figure 2-13 shows the Fl00141 used as a 7-bit serial-to- 
parallel converter. When Initialize (INIT) becomes active, 
the next clock pulse presets the register to '10000000', and 
Register-Full (REG-FULL) becomes inactive. Each time a 
data bit becomes available, Data-Available (DATA-AVAIL) 
must be made active during one clock LOW-to-HIGH tran- 


sition. This clocks the bit into the register moves the flag bit 
closer to 00' When the seventh data bit is entered, the flag 
bit reaches 00 and REG-FULL becomes active. The seven 
data bits may be removed at this time (01 to 07) and the 
conversion is complete. 


CLOCK 


INITIALIZE 


~ 
PARALLEL DATA 
REG-FULL 
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FIGURE 2·13. Serlal·to·Parallel Conversion 


Table 2-6 summarizes the control inputs and corresponding 
Fl00141 modes for this circuit. 


INIT 
DATA·AVAIL 
Sl 
So 
Mode 


L 
L 
H 
H 
Hold 


L 
H 
H 
L 
Shift Right 


H 
L 
L 
L 
Preset 


H 
H 
L 
L 
(Illegal) 


H ~ 
HIGH Voltage Level 
L ~ 
LOW Voltage Level 


Figure 
2-15 shows a parallel-to-serial converter using the 


Fl00136 counter. Figure 2-14 shows the associated timing 
diagram. Each time the external device has taken a bit of 
data, it makes the signal Serial-Data-Accept (SERIAL- 
DATA-ACPT) HIGH. The shift register shifts right which 
makes the next bit available and the counter counts up. The 
Serial-Data-Accept term must be synchronized with the 
clock. The counter counts to eight after the eighth data bit 
has been accepted and Parallel-Data-Request (PARALLEL- 
DATA-ROST) becomes active HIGH. When the device sup- 
plying data makes the next byte available, Parallel-Data- 
Ready (PARALLEL-DATA-RDY) goes HIGH. On the next 
clock pulse the shift register loads the new data byte and 
the counter clears to zero. Table 2-7 shows the operating 
mode as a function of the control inputs. 


COUNT 
I 
I 
I 


~~~~~CPT 
rl 
..rl. 
rl.. 
_ 


Shift Registers 
(Continued) 


TABLE 2·7. Parallel·to·Serial Converter Truth Table 


PARALLEL- 
SERIAL· 
Shift Register 
Counter 
DATA-ROY 
DATA·ACPT 
Sl 
So 
Mode 
So 
Sl 
S2 
Mode 


L 
L 
H 
H 
Hold 
H 
H 
H 
Hold 
L 
H 
H 
L 
Shift Right 
L 
H 
H 
Count Up 
H 
L 
L 
L 
Load 
H 
L 
H 
Clear 


CLOCK 


SERIAL- 
DATA·ACPT 


PARALLEL- 
DATA-RQST 
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FIGURE 2·15. Parallel·to·Serlal Converter 


Multiplexers 
Multiplexers send one of several inputs to a single output. 
The function can be implemented with standard gates or 
bus drivers and the wired-OR connection. 
Figure 
2-16 


shows the F100123 Hex Bus Driver used as a wired-OR 
multiplexer. The F100123 devices could be in physically dif- 
ferent parts of the system, since they can drive double-ter- 
minated busses. 
The F100155 is a quad 2-input multiplexer with transparent 
latches. The device has two select terms and can accept 
data from either, neither, or both (OR) sources. 


A, 
F, 


A2 
F2 


A3 
Fl00123 
F3 


A. 
F. 


As 
Fs 


A. 
F. 


B, 
E 


B2 


B3 
Fl00123 
B. 


8s 


8. 
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FIGURE 2-16. Wired·OR Multiplexer 


The F100163 is a dual a-input multiplexer with common se- 
lects. The Fl00164 is a single 16-input multiplexer. 
The Fl00163 and F100164 do not feature complementary 
outputs or an enable for wired-DRing. The Fl00171 
is a 


triple 4-input multiplexer with enable and complementary 
outputs. 


Figure 2-17 shows an Fl00164 
multiplexer and Fl00136 


connected to convert 16-bit parallel data to single-bit serial 
data. A gate is added to provide complementary serial data. 
If the input data is stable, then the output data is stable from 
6.4 ns after a clock until 2.5 ns after the next clock. This 
would insure valid data 50% of the time at a clock rate of 
100 MHz. Terminal Count on the counter can be used as a 
term to indicate the last bit is being transmitted. This can be 
used as a clock enable to the register containing the parallel 
data. The propagation delay through the register is masked 
by the propagation delay through the counter. 


.:i 
So 


Fl00136 
H 
5, 


H 
52 
03 02 0, 00 


z 
cr;:;~o.", , 
SERIAL 
DATA 


FIGURE 
2-17. Parallel-to-Serlal 
Data Transmission 


TABLE 
2-9. Single 
1-of-8 
Mode 
Truth 
Table 


The 
Fl00170 
is a universal 
demultiplexer/decoder. 
It can 
function 
as either a dual 1-of-4 decoder 
or as a single 1-of-8 
decoder. 
The outputs 
can be either 
active 
HIGH or active 
LOW. 


If the M input is LOW, then the Fl 00170 
is configured 
as a 
dual 1-of-4 decoder. 
Both A2a and He must be LOW. Table 
2-8 is a truth 
table 
for each 
half of the 
Fl00170; 
the two 
halves are completely 
independent. 
The truth table is shown 
for active-HIGH 
outputs; 
for active-LOW 
outputs, 
Hx is made 
LOW. 


Inputs 
Active-HIGH 
Outputs 


(Ha and Hb Inputs 
HIGH) 


Ela 
E2a 
Ala 
AOa 
ZOa 
Zla 
Z2a 
Z3a 


Elb 
E2b 
Alb 
AOb 
ZOb 
Zlb 
Z2b 
Z3b 


H 
X 
X 
X 
L 
L 
L 
L 


X 
H 
X 
X 
L 
L 
L 
L 


L 
L 
L 
L 
H 
L 
L 
L 


L 
L 
L 
H 
L 
H 
L 
L 


L 
L 
H 
L 
L 
L 
H 
L 


L 
L 
H 
H 
L 
L 
L 
H 


M ~ A2a ~ 
He ~ 
LOW 
H ~ 
HIGH Voltage Level 
l 
= LOW Voltage Level 


X = Don't Care 


Inputs 
Active-HIGH 
Outputs 


(He Input 
HIGH) 


El 
E2 
A2a 
Ala 
AOa 
Zo 
Zl 
Z2 
Z3 
Z4 
Zs 
Z6 
Z7 


H 
X 
X 
X 
X 
L 
L 
L 
L 
L 
L 
L 
L 
X 
H 
X 
X 
X 
L 
L 
L 
L 
L 
L 
L 
L 


L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
L 
L 


L 
L 
L 
L 
H 
L 
H 
L 
L 
L 
L 
L 
L 


L 
L 
L 
H 
L 
L 
L 
H 
L 
L 
L 
L 
L 


L 
L 
L 
H 
H 
L 
L 
L 
H 
L 
L 
L 
L 


L 
L 
H 
L 
L 
L 
L 
L 
L 
H 
L 
L 
L 


L 
L 
H 
L 
H 
L 
L 
L 
L 
L 
H 
L 
L 


L 
L 
H 
H 
L 
L 
L 
L 
L 
L 
L 
H 
L 


L 
L 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
H 


M ~ 
HIGH; 


AOb ~ A'b 
~ 
Ha = Hb ~ 
LOW 
E1 = E1a and E1b Wired; E2 = E2a and E2b Wired 
H ~ HIGH Voltage Level 
L ~ 
LOW Voltage Level 


X = Don't Care 


If the M input is HIGH, then the Fl00170 
is configured 
as a 
single 
1-of-8 
decoder. 
AOb' Alb' 
Ha, and 
Hb must 
all be 


LOW. Table 2-9 is a truth table for the Fl00170 
in single 
1- 


of-8 mode. The truth table is shown for active-HIGH 
outputs; 


for active-LOW 
outputs, 
He is mode 
LOW. 


Figure 
2-18 and Table 
2-10 
show 
a universal 
decimal 
de- 
coder 
and the decode 
table, respectively. 
The sense 
of the 


outputs 
can be easily 
modified. 
The entire 
decoder 
may be 
enabled 
with a LOW at the Function 
input. 


Decoder 
(Continued) 


TABLE 2-10. Output 
Selection 
Figure 
2-19 
shows 
a scheme 
to decode 
five 
lines 
with 
a 
1-of-32 decoder. 
Inputs Ao. A1. and A2 are connected 
to the 
address 
select 
inputs 
of all four decoders 
in parallel. 
Both 
the true and complement 
of the two 
high order 
addresses 
are formed 
and then ANDed 
together 
at the decoder 
enable 
inputs. 


Figure 
2-20 shows 
a 1-of-64 
decoder 
which 
uses the LOW 
outputs 
of one 
F100170 
to 
enable 
one-of-eight 
F100170 
devices 
whose 
address 
inputs are connected 
together. 
The 
unused 
enable 
inputs may be used to enable 
all 64 outputs. 


The 
64 outputs 
may be either 
active 
HIGH 
or LOW. 
The 
propagation 
delay from address 
to any output 
is 4.5 ns max- 
imum. 


AO-A3 
Selected 
Output 
per Input Code 


Weighted 
Excess 
Excess 
Input 
8421 
5421 
3 
3 Gray 
2421 


a 
a 
a 
3 
2 
a 


1 
1 
1 
4 
6 
1 


2 
2 
2 
5 
7 
2 


3 
3 
3 
6 
5 
3 


4 
4 
4 
7 
4 
4 


5 
5 
8 
8 
12 
11 


6 
6 
9 
9 
13 
12 


7 
7 
10 
10 
15 
13 
8 
8 
11 
11 
14 
14 
9 
9 
12 
12 
10 
15 


242526272829 
30 31 


TL/F/9899-20 


H 


HIGH/LOW 


E. 


Fl00170 
E. 


Fl00170 


The unequal outputs are active HIGH so that expansion is 
simple, Figure 2-21 indicates how two 64-bit words may be 
compared in S.4 ns typical. If desired, the A = B outputs of 
the first rank may be OR-wired to obtain an active-LOW 
A = Bin 2.7 ns typical. 


The F100107 Quint Exclusive-OR/NOR may be used as a 
S-bit identity comparator with a propagation delay of 2.0 ns 
typical. The F100160 Parity Checker/Generator may also 
be used as an identity comparator. 


TL/F/9899-24 
FIGURE 
2-21. 64-Blt Magnitude 
Comparator 


Parity Generator/Checker 
The F100160 is a dual 9-bit parity checker/generator. The 
output (of each section) is HIGH when an even number of 
inputs are HIGH. Thus, to generate odd parity on eight bits, 
the ninth input would be held HIGH. One of the nine inputs 
on each half has a shorter propagation (la, Ib) delay and is 
thus preferred for expansion. 


TLIF/9899-25 


FIGURE 
2-22. 16-Blt Parity Checker/Generator 


Arithmetic 
Logic Unit 
The F100181 is a 4-bit binary/BCD ALU with a typical prop- 
agation delay of 4.S ns. Output latches are provided to re- 
duce system package count. When the latches are not re- 
quired, they may be made transparent. Table 2-11 summa- 
rizes the functions available in the F100181. Table 2-12 is a 
summary of add times as a function of word width using the 
F100181 and, optionally, the F100179 Lookahead Carry 
Generator. These are calculated using maximum times for 
flatpak at 2S"Cfrom the data sheets and assume zero inter- 
connection times. Further, it is assumed that the S (function 
select) inputs are available very early; their delay paths are 
ignored. The F100181 specification sheet indicates how the 
parts are interconnected. 


53 
52 
51 
50 
Function 
Note 


L 
L 
L 
L 
A PlusB BCD 


L 
L 
L 
H 
A Minus B BCD 
L 
L 
H 
L 
B Minus A BCD 
L 
L 
H 
H 
o MinusA BCD 


L 
H 
L 
L 
A Plus B Binary 
L 
H 
L 
H 
A Minus B Binary 
L 
H 
H 
L 
B Minus A Binary 


L 
H 
H 
H 
o Minus B Binary 


H 
L 
L 
L 
Identity 
F=AeB+AeB 
H 
L 
L 
H 
XOR 
F=AeS+AeB 
H 
L 
H 
L 
OR 
F=A+B 
H 
L 
H 
H 
A 
F=A 


H 
H 
L 
L 
Inverse 
F=S 


H 
H 
L 
H 
B 
F=B 
H 
H 
H 
L 
AND 
F=AeB 
H 
H 
H 
H 
Zero 
F = LOW 


Arithmetic 
Logic Unit (Continued) 


TABLE 
2-12. Summary 
of Add Times 
Using F100181 


Ripple 
1 F100179 
2 F100179 


Bits 
Lookahead 
Lookahead 
Carry 
Carry 
Carries 


8 
11.3 
n/a 
n/a 


16 
16.9 
11.9 
n/a 


32 
28.1 
14.7 
14.6 


64 
50.5 
n/a 
17.4 


Ripple Carry = 
(A or B to Cn + 4) + (Cn to F) + 
((D - 
2)Cn to Cn+4) 


where 
D = number 
of 100181 
de- 
vices 


16-Bit, 1 lookahead 
= 
(A or B to P or G) + (Cn to F) + 
(tp of 100179) 


32-Bit, 
1 lookahead 
= 
(A or B to P or G) + (Cn to F) + 
(tp of 100179) + (Cn to Cn+4 
of 
last stage) 


32-Bit, 2 lookaheads 
= 
(A or B to P or G) + (Cn to F) + 
(2tp of 100179) 


64-Bit, 2 lookaheads 
= 
(A or B to P or G) + (Cn to F) + 
(2tp of 100179) + (Cn to Cn+4 
of 
last stage) 


Multipliers 


The 
F100182 
Wallace 
Tree 
Adder 
and 
F100183 
Recode 


Multiplier 
can be combined 
to build 
extremely 
fast parallel 


multipliers. 
The 
F100183 
data 
sheet 
has detailed 
applica- 


tions 
information; 
Table 
2-13 
is a summary 
of delay 
times 


and package 
counts 
for various 
operand 
sizes. 
The times 


are typical 
and do not include 
interconnection 
delays. 


Operand 
Size 
Delay (ns) 
Device 
Count 


16 x 16 
16 
62 


24 X 24 
22 
115 


32 X 32 
24 
186 


64 x 64 
26 
634 


TTL/F100K 
Interfacing- 


Translators 


The 
problem 
of 
mixing 
F100K 
ECl 
logic 
levels 
with 
TTl 


logic 
levels 
can 
be easily 
overcome 
with the 
use of level 


translators. 
level 
translators 
are designed 
to convert 
the 
input level of one logic family to a level which 
is consistent 
with that of another 
logic family. 
This enables 
designers 
to 


take advantage 
of the high speeds 
offered 
by F1 OOK ECl 
in 


critical 
system 
paths and to use other logic families 
in areas 


where 
speed 
is not as essential. 
National's 
wide 
range 
of 


level 
translators 
offer 
designers 
a solution 
for 
most 
level 


translation 
applications. 


The F1 00124 
and F1 00324 are hex translators 
designed 
for 


converting 
TIl 
logic levels to F100K 
ECl 
logic levels. 
Both 


products 
are functionally 
interchangeable, 
as are all the 300 


Series 
redesigns. 
On the F1 00124 
or F100324, 
a common 


Enable input (E), when lOW, 
holds all inverting 
ECl 
outputs 


HIGH 
and all true 
ECl 
outputs 
lOW. 
The 
differential 
out- 


puts 
allow 
each 
circuit 
to be used 
as an inverting/non-in- 


verting 
translator, 
or as a differential 
line driver. 


The 
F100125 
and 
F100325 
are 
hex 
F100K 
ECl-to-TIl 


translators. 
F100K 
ECl-to-TIl 
level translation 
is probably 


the 
most 
common 
application 
for translators 
today. 
logic 


designers 
can take advantage 
of the high speeds 
offered 
by 


ECl 
and 
the 
high 
densities 
offered 
by 
TIl 
memories 


(DRAMS). 
The F100125 
and F100325 
have outputs 
which 


are compatible 
with 
standard 
or Schottky 
TIL. 
Differential 


inputs 
allow each circuit to be used as an inverting, 
non-in- 


verting 
or differential 
receiver. 
An internal 
reference 
voltage 


generator 
provides 
Vaa 
for single 
ended 
operation, 
or for 


use in Schmitt 
trigger 
applications. 


For 
applications 
which 
require 
wider 
bit 
functions 
the 


F100393 
or the 
F100395 
may 
be 
more 
appropriate. 
The 


F100393 
is a 9-bit 
F100K 
ECl-to-TIl 
level translator 
with 


latched 
outputs 
and the F100395 
is a 9-bit 
F100K 
ECl-to- 


TIl 
translator 
with 
registers. 
Both 
products 
are designed 


with 
FAST 
TIl 
outputs 
capable 
of driving 
loads 
of up to 


64 
mA. 
A 
lOW 
on 
the 
latch 
enable 
(lE) 
input 
of 
the 


F100393, 
latches 
the data at the input state. A HIGH on the 


lE 
makes 
the 
latches 
transparent. 
A HIGH 
on either 
the 


ECl 
or TIl 
output enable 
(OE ECl 
or OE TIl) 
inputs, holds 


the outputs 
in a high impedance 
state. 
For the F100395, 
a 


HIGH on the output 
enable 
(OE) holds the TIl 
outputs 
in a 


high 
impedance 
state. 
A lOW 
on the 
clock 
enable 
(EN) 


transfers 
the data on the inputs to the outputs 
on a lOW-to- 


HIGH transition. 
A high on the EN input will not change 
the 


state of the outputs. 


Some 
applications 
may require 
bi-directional 
level 
transla- 


tion on one chip. That is, the ability to direct 
the translation 


in either 
the F100K 
ECl-to-TIl 
direction, 
or in the TIl-to- 


F100K 
ECl 
direction. 
The 
F100128 
and 
F100328 
accom- 


plish 
this 
task. 
The 
F100128 
and 
the 
F100328 
are Octal 


F100K 
ECl/TIl 
Bi-Directional 
Translators 
with 
latched 


outputs. 
The direction 
of the translation 
for these 
devices 
is 


determined 
by the 
DIR 
input, 
a lOW 
is for 
ECl-to-TIl 


translation 
and a HIGH is for TIl-to-ECl 
translation. 
A lOW 


on the output 
enable 
input (OE), holds the ECl 
outputs 
in a 
cut-off 
state and the TIl 
outputs 
in a high impedance 
state. 


The latched 
outputs 
of these 
devices 
are controlled 
by the 
latch enable 
input (lE). 
A HIGH on the lE, 
latches 
the data 


at both inputs even though 
only one output 
is enabled 
at the 


time (Tn or En as determined 
by the DIR input). A lOW 
on 


the lE 
input makes 
the latches 
transparent. 


The 
F100329 
is an Octal 
F100K 
ECl/TIl 
Bi-directional 


Translator 
similar 
to the 
F100328, 
but employs 
the 
use of 


registers 
instead 
of latches. 
The direction 
of the translation 
is also controlled 
by the DIR input. A lOW 
on the DIR input 


will translate 
in the 
ECl-to-TIl 
direction 
and a HIGH 
will 


translate 
in the TTl-to-ECl 
direction. 
A lOW 
on the output 


enable 
input (0E) of the F100329 
holds the ECl 
outputs 
in 


a cut-off 
state 
and the 
TIl 
outputs 
at a high 
impedance 


level. 
The 
outputs 
change 
synchronously 
with 
the 
rising 


edge of the clock 
input (CP), even though 
only one output 
is 


enabled 
at a time (En or Tn, as determined 
by the DIR in- 


put). 


10K/F100K 
Interfacing 


The problem 
caused 
by mixing 
10K ECl 
and FlOOK ECl 
is 


illustrated 
in Figures 
2-25 
and 2-26. 
10K output 
levels 
and 


input thresholds 
vary with temperature 
whereas 
FlOOK lev- 
els and thresholds 
remain 
essentially 
constant. 
This means 


that 
the 
noise 
margins 
vary with 
temperature, 
even 
if the 


temperatures 
of the driving and receiving 
circuits 
track. Per- 


haps 
the worst 
case 
is shown 
in Figure 
2-26, 
which 
illus- 


trates 
FlOOK driving 
10K. 
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FIGURE 
2-25. 10K ECL Driving 
100K ECL 
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FIGURE 
2-26. lOOK ECL Driving 
10K ECL 


At + 75·C, 
the 
high 
margins 
are 
seen 
to 
be 
less 
than 
100 
mY. Clearly 
this 
would 
not 
represent 
acceptable 
DC 


margins 
in any real system. 


If the use of 10K ECl 
in an FlOOK system 
is unavoidable, 
it 


is recommended 
that 
all interfacing 
be done 
differentially. 


This is illustrated 
in Figure 2-27 which is applicable 
for either 


direction. 
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FIGURE 
2-27. Interfacing 
10K and F100K 
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Chapter 3 
Transmission Line Concepts 


The interactions 
between 
wiring 
and circuitry 
in high-speed 


systems 
are more 
easily 
determined 
by treating 
the 
inter- 


connections 
as transmission 
lines. 
A brief 
review 
of basic 


concepts 
is presented 
and 
simplified 
methods 
of analysis 


are used 
to examine 
situations 
commonly 
encountered 
in 


digital 
systems. 
Since 
the principles 
and methods 
apply 
to 


any type 
of logic 
circuit, 
normalized 
pulse 
amplitudes 
are 


used in sample 
waveforms 
and calculations. 


Simplifying Assumptions 


For the great majority 
of interconnections 
in digital systems, 
the resistance 
of the conductors 
is much less than the input 


and output 
resistance 
of the circuits. 
Similarly, 
the insulating 


materials 
have 
very 
good 
dielectric 
properties. 
These 
cir- 


cumstances 
allow such factors 
as attenuation, 
phase distor- 


tion, 
and 
bandwidth 
limitations 
to be ignored. 
With 
these 


simplifications, 
interconnections 
can be dealt with in terms 


of characteristic 
impedance 
and propagation 
delay. 


Characteristic 
Impedance 


The two conductors 
that interconnect 
a pair of circuits 
have 


distributed 
series 
inductance 
and 
distributed 
capacitance 


between 
them, 
and 
thus 
constitute 
a transmission 
line. 
For any 
length 
in which 
these 
distributed 
parameters 
are 


constant, 
the 
pair of conductors 
have 
a characteristic 
im- 
pedance 
zoo Whereas 
quiescent 
conditions 
on the line are 


determined 
by the circuits 
and terminations, 
Zo is the ratio 


of transient 
voltage 
to transient 
current 
passing 
by a point 


on the line when 
a signal 
charge 
or other 
electrical 
distur- 


bance 
occurs. 
The 
relationship 
between 
transient 
voltage, 


transient 
current, 
characteristic 
impedance, 
and the distrib- 
uted parameters 
is expressed 
as follows: 


T = Zo = ~ 
(3-1) 


where 
Lo = inductance 
per unit length, 
Co = capacitance 


per unit length. 
Zo is in ohms, 
Lo in Henries, 
Co in Farads. 


Propagation 
Velocity 


Propagation 
velocity 
v and 
its 
reciprocal, 
delay 
per 
unit 


length 
Il, can also 
be expressed 
in terms 
of Lo and Co. A 


consistent 
set of units 
is nanoseconds, 
microhenries 
and 


picofarads, 
with a common 
unit of length. 


1 
v = - 
Il = JLoCo 
(3-2) 


JLoCo 


Equations 
3-1 and 3-2 provide 
a convenient 
means of deter- 
mining 
the Lo and Co, of a line when 
delay, 
length 
and im- 


pedance 
are known. 
For a length I and delay T, Il is the ratio 


TII. 
To determine 
Lo and Co, combine 
Equations 
3-1 and 


3-2. 


Lo = IlZo 
(3-3) 


Il 
Co = - 
(3-4) 


Zo 


More formal 
treatments 
of transmission 
line characteristics, 


including 
loss effects, 
are available 
from 
many sources.1-3 


Termination 
and Reflection 


A transmission 
line with 
a terminating 
resistor 
is shown 
in 


Figure 
3-1. 
As indicated, 
a positive 
step 
function 
voltage 


travels 
from 
left to right. To keep track 
of reflection 
polari- 


ties, it is convenient 
to consider 
the lower conductor 
as the 


voltage 
reference 
and to think in terms of current 
flow in the 


top conductor 
only. The generator 
is assumed 
to have zero 


internal 
impedance. 
The initial current 
11 is determined 
by V1 


and Zoo 


Vll'1 
---.. 
1,_ 
IT 
-- 
1) 


v, 
I, 


v, 
I,=Y! 


v~l 


RT 
Zo 


LINE LENGTH = I 
DELAY=T= 
10 
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FIGURE 3·1. Assigned 
Polarities 
and 
Directions 
for Determining 
Reflections 


If the terminating 
resistor 
matches 
the line impedance, 
the 


ratio of voltage 
to current 
traveling 
along the line is matched 


by the ratio of voltage 
to current 
which 
must, by Ohm's 
law, 


always prevail at RT. From the viewpoint 
of the voltage 
step 


generator, 
no adjustment 
of output 
current 
is ever required; 


the situation 
is as though the transmission 
line never existed 


and RT had been connected 
directly 
across 
the terminals 
of 


the generator. 
From the RT viewpoint, 
the only thing the line 


did was delay the arrival of the voltage 
step by the amount 


of time T. 


When 
RT is not equal to Zo, the initial current 
starting 
down 


the line is still determined 
by V 1 and Zo but the final steady 


state 
current, 
after 
all reflections 
have 
died 
out, 
is deter- 


mined 
by V1 and 
RT (ohmic 
resistance 
of the 
line 
is as- 


sumed to be negligible). 
The ratio of voltage 
to current 
in the 


initial 
wave 
is not equal 
to the 
ratio 
of voltage 
to current 


demanded 
by RT. Therefore, 
at the instant 
the initial wave 


arrives 
at RT' another 
voltage 
and 
current 
wave 
must 
be 


generated 
so 
that 
Ohm's 
law 
is 
satisfied 
at 
the 
line- 


load interlace. 
This reflected 
wave, indicated 
by Vr and Ir in 


Figure 
3-1, starts 
to return 
toward 
the generator. 
Applying 


Termination 
and Reflection 
(Continued) 


Kirchoff's 
laws to the end of the line at the instant 
the initial 


wave arrives, 
results 
in the following. 


11 + Ir = IT = current 
into RT 
(3-5) 


Since only one voltage 
can exist at the end of the line at this 
instant 
of time, the following 
is true: 


V1 + Vr = VT 


VT 
V1 + V, 
thus 
IT = - 
= --- 
(3-6) 
RT 
RT 


V1 
_ V, 
also 
11= - 
and I, = 
Zo 
Zo 


with the minus 
sign indicating 
that V, is moving 
toward 
the 


generator. 


Combining 
the 
foregoing 
relationships 
algebraically 
and 


solving 
for V, yields 
a simplified 
expression 
in terms 
of V1, 
Zo and RT. 


V1 _ 
Vr = V1 + V, = V1 + 
V, 


Zo 
Zo 
RT 
RT 
RT 


V1 (2- - 2.) = V, (2. + 2-) 
(3-7) 


Zo 
RT 
RT 
Zo 


(RT - ZO) 


V, = V1 
RT + Zo 
= PL V1 


The term in parenthesis 
is called the coefficient 
of reflection 


p. With 
RT ranging 
between 
zero (shorted 
line) and infinity 


(open 
line), the coefficient 
ranges 
between 
-1 and 
+ 1re- 


spectively. 
The 
subscript 
L indicates 
that 
P refers 
to the 


coefficient 
at the load end of the line. 


Equation 
3-7 expresses 
the 
amount 
of voltage 
sent 
back 


down the line, and since 


VT = V1 + V, 
(3-8) 


then 
VT = V1 (1 + PU. 


VT can also be determined 
from an expression 
which 
does 


not require the preliminary 
step of calculating 
PL. Manipulat- 


ing (1 + PU results 
in 


RT - 
Zo 
(RT) 
1 + PL = 1 + --- 
= 2 
--- 
RT+ZO 
RT+ZO 


Substituting 
in Equation 
3-8 gives 


VT = 2 (~) 
V1 
(3-9) 
RT+ZO 


The foregoing 
has the same form as a simple voltage 
divid- 


er involving 
a generator 
V1 with internal 
impedance 
Zo driv- 


ing a load RT' except 
that the amplitude 
of VT is doubled. 


The arrow indicating 
the direction 
of V, in Figure 3-1 correct- 


ly indicates 
the V, direction 
of travel, 
but the direction 
of I, 


flow 
depends 
on the 
V, polarity. 
If V, is positive, 
I, flows 


toward 
the 
generator, 
opposing 
11. This 
relationship 
be- 


tween 
the polarity 
of V, and the direction 
of I, can be de- 


duced 
by noting 
in Equation 
3-7 that 
if V, is positive 
it is 
because 
RT is greater 
than Zoo In turn, this means 
that the 


initial 
current 
I, is larger 
than 
the 
final 
quiescent 
current, 


dictated 
by V1 and RT. Hence, 
I, must oppose 
11to reduce 


the line current 
to the final quiescent 
value. 
Similar 
reason- 


ing shows that if V, is negative, 
I, flows 
in the same direction 


as 11. 


It is sometimes 
easier to determine 
the effect 
of V, on line 
conditions 
by thinking 
of it as an independent 
voltage 
gener- 
ator in series with RT. With this concept, 
the direction 
of I, is 
immediately 
apparent; 
its magnitude, 
however, 
is the ratio of 
V, to Zo, Le., RT is already 
accounted 
for in the magnitude 
of 


V,. The relationships 
between 
incident 
and reflected 
signals 


are represented 
in Figure 
3-2 for both 
cases 
of mismatch 
between 
RT and Z00 


The 
incident 
wave 
is shown 
in Figure 
3-2a, 
before 
it has 


reached 
the end of the line. In Figure 
3-2b, a positive 
V, is 


returning 
to the generator. 
To the left of V, the current 
is still 
11,flowing 
to the right, while to the right of V, the net current 


in the line is the difference 
between 
11and I,. In Figure 3-2c. 


the 
reflection 
coefficient 
is negative, 
producing 
a negative 
V,. This, in turn, causes 
an increase 
in the amount 
of current 


flowing 
to the right behind 
the V, wave. 
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Vr,~ 
------, 


c. Reflected 
Wave 
for RT < Zo 
FIGURE 
3-2. Reflections 
for RT "" Zo 
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governed 
by Zo and the source 
resistance 
Rs. 


Rs - 
Zo 


Ps = Rs + Zo 
(3-10) 


If the source 
impedance 
matches 
the line impedance, 
a re- 
flected 
voltage 
arriving 
at the source 
is not reflected 
back 


toward 
the 
load 
end. 
Voltage 
and 
current 
on the 
line are 


stable 
with the following 
values. 


VT = V1 + V,and 
IT = 11 -I, 
(3-11) 


If 
neither 
source 
impedance 
nor 
terminating 
impedance 


matches 
Zo, multiple 
reflections 
occur; 
the voltage 
at each 


end of the line comes 
closer 
to the final steady 
state value 


with each succeeding 
reflection. 
An example 
of a line mis- 
matched 
on both ends is shown 
in Figure 3-3. The source 
is 


a step 
function 
of W 
amplitude 
occurring 
at time 
to. The 


initial value 
of V1 starting 
down the line is 0.75V due to the 


voltage 
divider 
action 
of Zo and Rs. The time scale 
in the 


photograph 
shows 
that the line delay is approximately 
6 ns. 


Since neither 
end of the line is terminated 
in its characteris- 


tic impedance, 
mUltiple reflections 
occur. 


The amplitude 
and persistence 
of the ringing shown 
in Fig- 
ure 3-3 become 
greater 
with increasing 
mismatch 
between 


the line impedance 
and source 
and load impedances. 
Re- 


Rs=31 0 
Zo=930 


::~ 
i" 


RT= 00 1 


VT 


31 - 
93 
PS ~ 31 + 93 - 
-0.5 


Inilially:V, 
~ ~,vo 
~~'1 
~ 0.75V 
Zo + Rs 
124 


H = 20 ns/diy 
V =0.5 Vldiv 


TL/F/9900-6 
FIGURE 
3·3. Multiple 
Reflections 
Due to 
Mismatch 
at Load 
and Source 
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this 
reflection 
reaches 
the 
source, 
a reflection 
of 0.9V x 


-0.75V 
starts back toward 
the open end. Thus, the second 


increment 
of voltage 
arriving 
at the 
open 
end 
is negative 


going. In turn, a negative-going 
reflection 
of 0.9V x -0.75V 


starts 
back 
toward 
the 
source. 
This 
negative 
increment 
is 


again 
multiplied 
by 
-0.75 
at 
the 
source 
and 
returned 


toward 
the open end. It can be deduced 
that the difference 


in amplitude 
between 
the first two positive 
peaks 
observed 


at the open end is 


VT - 
V'T = (1 + PU V1 - 
(1 + PU V1 p2L p2s 


= (1 + PU V1 (1 - 
p2L p2S)' 


The factor 
(1 - 
p2L p2S) is similar 
to the damping 
factor 


associated 
with lumped 
constant 
circuitry. 
It expresses 
the 


attenuation 
of successive 
positive 
or negative 
peaks of ring- 


ing. 


H = 20 .sldlv 
V = 0.4 V/dlv 
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FIGURE 
3·4. Extended 
Ringing 
when 
Rs 


of Figure 3·3 Is Reduced 
to 130 


Lattice Diagram 


In the presence 
of multiple 
reflections, 
keeping 
track 
of the 


incremental 
waves 
on the 
line and the 
net voltage 
at the 


ends becomes 
a bookkeeping 
chore. 
A convenient 
and sys- 


tematic 
method 
of indicating 
the conditions 
which 
combines 


magnitude, 
polarity 
and time utilizes 
a graphic 
construction 


called a lattice diagram.4 
A lattice diagram 
for the line condi- 


tions of Figure 3-3 is shown 
in Figure 
3-5. 


The vertical 
lines symbolize 
discontinuity 
points, 
in this case 


the ends of the line. A time scale is marked 
off on each line 


in increments 
of 2T, starting 
at to for V1 and T for VT. The 


diagonal 
lines 
indicate 
the 
incremental 
voltages 
traveling 


between 
the ends of the line; solid lines are used for posi- 
tive voltages 
and dashed 
lines for negative. 
It is helpful 
to 


write 
the 
reflection 
and 
transmission 
multipliers 
p 
and 


(1 + p) at each vertical 
line, and to tabulate 
the incremental 


and 
net voltages 
in columns 
alongside 
the 
vertical 
lines. 


Both 
the 
lattice 
diagram 
and 
the 
waveform 
photograph 


show 
that 
V1 and VT asymptotically 
approach 
W, 
as they 


must with a W 
source 
driving 
an open-ended 
line. 


SUM: 
-- 
SUM: 
+O:7iV 
I-to 


i'l.50V 


i'0.375V 
2T 
+1:12iV 


3T 
-0.75 
V 
+ 0.75 V 


-0.188 
V 
4T 
+0.i37V 


Sf 
+0.375V 
+1.125V 


+O.0i4V 
or 
+1.031 
V 


1T 
-O.188V 
i'O.i37V 


-O.047V 
or 
+O.N4V 


The open-ended 
line in Figure 
3-3 has a reflection 
coeffi- 
cient of + 1 and the successive 
reflections 
tend toward 
the 
steady 
state 
conditions 
of zero line current 
and a line volt- 
age equal to the source 
voltage. 
In contrast, 
a shorted 
line 
has a reflection 
coefficient 
of -1 and successive 
reflections 
must cause the line conditions 
to approach 
the steady state 
conditions 
of zero voltage 
and a line current 
determined 
by 
the source 
voltage 
and resistance. 


Shorted 
line conditions 
are shown 
in Figure 
3-6a with 
the 
reflection 
coefficient 
at the source end of the line also nega- 
tive. A negative 
coefficient 
at both ends 
of the line means 
that any voltage 
approaching 
either end of the line is reflect- 
ed in the opposite 
polarity. 
Figure 3-6b shows 
the response 
to an input step-function 
with a duration 
much 
longer 
than 
the 
line delay. 
The 
initial 
voltage 
starting 
down 
the 
line is 
about 
+0.75V, which 
is inverted 
at the 
shorted 
end 
and 
returned 
toward 
the source 
as -0.75V. Arriving 
back at the 
source end of the line, this voltage 
is multiplied 
by (1 + ps), 
causing 
a -0.37V 
net change 
in V1.Concurrently, 
a reflect- 
ed voltage 
of +0.37V (-0.75V 
times 
ps of -0.5) 
starts 
back toward 
the shorted 
end of the line. The voltage 
at V 1 is 
reduced 
by 50% with each 
successive 
round 
trip of reflec- 
tions, thus leading 
to the final condition 
of zero volts on the 
line. 


When 
the duration 
of the input pulse 
is less than the delay 
of the line, the reflections 
observed 
at the source end of the 
line constitute 
a train of negative 
pulses, as shown 
in Figure 


3-6c. The amplitude 
decreases 
by 50% with each 
succes- 
sive occurrence 
as it did in Figure 3-6b. 


TLIF/9900-10 


b. Input Pulse Duration» 
Line Delay 


TL/F/9900-11 
c. Input Pulse Duration 
< Line Delay 
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0-93 


PS ~ - 0.5 
PL ~ 0 + 93 ~ -1 


a. Reflection 
Coefficients 
for Shorted 
Line 


FIGURE 
3·6. Reflections 
of Long and Short Pulses on a Shorted 
Line 
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Series Termination 
Driving an open-ended line through a source resistance 
equal to the line impedance is called series termination. It is 
particularly useful when transmitting signals which originate 
on a PC board and travel through the backplane to another 
board, with the attendant discontinuities, since reflections 
coming back to the source are absorbed and ringing thereby 
controlled. Figure 3-7 shows a 93n line driven from a 1V 
generator through a source impedance of 93n. The photo- 
graph illustrates that the amplitude of the initial signal sent 
down the line is only half of the generator voltage, while the 
voltage at the open end of the line is doubled to full ampli- 
tude (1 + PL = 2). The reflected voltage arriving back at 
the source raises V1 to the full amplitude of the generator 
signal. Since the reflection coefficient at the source is zero, 
no further changes occur and the line voltage is equal to the 
generator voltage. Because the initial signal on the line is 
only half the normal signal swing, the loads must be con- 
nected at or near the end of the line to avoid receiving a 2- 
step input signal. 


An ECl output driving a series terminated line requires a 
pull-down resistor to VEE, as indicated in Figure 3-8. The 
resistor Roshown in Figure 3-8 symbolizes the output resist- 
ance of the ECl gate. The relationships between Ro,Rs, RE 
and Zo are discussed in Chapter 4. 


FIGURE 3·8. ECl Element Driving 
a Series Terminated line 


Extra Delay with Termination 
Capacitance 
Designers should consider the effect of the load capaci· 
tance at the end of the line when using series termination. 
Figure 3-9 shows how the output waveform changes with 
increasing load capacitance. Figure 
3-9b shows the effect 
of load capacitances of 0, 12,24,48 
pF. With no load, the 
delay between the 50% points of the input and output is just 
the line delay T. A capacitive load at the end of the line 
causes an extra delay 6.T due to the increase in rise time of 
the output signal. The midpoint of the output is used as a 
criterion because the propagation delay of an ECl circuit is 
measured between the 50% points of the input and output 
signals. 
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a. Series Terminated line with load Capacitance 
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b. Output Rise Time Increase with 
Increasing load Capacitance 
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c. Extra Delay 6.T Due to Rise Time Increase 


FIGURE 3-9. Extra Delay with Termination Capacitance 


Extra Delay with Termination 
Capacitance 
(Continued) 


Z' = Zo 
The increase 
in propagation 
delay can be calculated 
by us- 
VIN 
(I) ~ 
ing a ramp approximation 
for the incident 
voltage 
and char- 


~ 
_ .l..i 
acterizing 
the circuit as a fixed impedance 
in series with the 
Ly/ 
cI Vc 
load 
capacitance, 
as shown 
in Figure 
3-10. 
One 
general 


T = Z' C=ZoC "::" 
solution 
serves 
both 
series 
and parallel 
termination 
cases 


by using an impedance 
Z' and a time constant 
r, defined 
in 


Figure 3-1 Oa and 3-10b. Calculated 
and observed 
increases 


in delay time to the 50% point show close agreement 
when 
r 
is less 
than 
half 
the 
ramp 
time. 
At 
large 
ratios 
of rIa 
(where a = ramp time), measured 
delays exceed 
calculated 


values 
by approximately 
7%. 
Figure 
3-11, 
based 
on mea- 


sured values, 
shows 
the increase 
in delay to the 50% 
point 


as a function 
of the Z'C time constant, 
both 
normalized 
to 


the 10% to 90% rise time of the input signal. As an example 
of using the graph, 
consider 
a 1000. series 
terminated 
line 


with 30 pF load capacitance 
at the end of the line and a no- 
load rise time of 3 ns for the input signal. From Figure3-10a, 
Z' is equal 
to 1000.; the ratio Z'C/t, 
is 1. From the graph, 


the ratio 
.:l.TIt, is 0.8. Thus the increase 
in the delay to the 


50% 
point of the output 
waveform 
is 0.8 t" or 2.4 ns, which 


is then 
added 
to the no-load 
line delay 
T to determine 
the 


total delay. 


Had the 
1000. 
line in the foregoing 
example 
been 
parallel 


rather than series terminated 
at the end of the line, Z' would 


be 500.. The added 
delay 
would 
be only 
1.35 ns with the 


same 30 pF loading 
at the end. The added 
delay would 
be 


only 
0.75 
ns if the 
line were 
500. and 
parallel 
terminated. 


The various 
trade-offs 
involving 
type of termination, 
line im- 


pedance, 
and loading 
are important 
considerations 
for crit- 


ical delay paths. 


a. Thevenln 
Equivalent 
for 
Series 
Terminated 
Case 


z'=~ 
Zo 
2 
VIN(')l1 
VIN(t)~ 
i 
cI 
~ 
cI 
Vc 
RT=ZoLy/ 


T=Z' 
c=ZoC 


"::" 
"::" 
2 
"::" 


b. Thevenln 
Equivalent 
for 
Parallel 
Terminated 
Case 


V 
Vin(t) = a [tu(t) 
- 
(t - 
a)u (t - 
all 


u(t) = 0 for t < 0 
1 fort> 
0 


u(t - 
a) = 0 for t < a, 
1 fort> 
a 


V 
VIN(S) = as2 (1 - e-as) 


V 
1 
Vc(S)= -. 
----(1 
- e-as) 


ar 
s2(s + 1/r) 


V 


vett) = a [t - 
r(1 - e-tlT)] 
u(t) 


V 
-a[(t 
- a) 


!..=..! 


- 
r(1 - 
e- 
T 
)] u (t - 
a) 


c. Equations 
for 
Input 
and Output 
Voltages 


FIGURE 
3-10. Determining 
the Effect 
of End-of-Llne 
Capacitance 
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FIGURE 
3-11. Increase 
in 50% Point 
Delay 
Due 
to Capacitive 
Loading 
at the End 
of the Line, Normalized 
to Tr 


• 


When capacitive loads such as ECL inputs are connected 
along a transmission line, each one causes a reflection with 
a polarity opposite to that of the incident wave. Reflections 
from two adjacent loads tend to overlap if the time required 
for the incident wave to travel from one load to the next is 
equal to or less than the signal rise time.s Figure 
3-12a 


illustrates an arrangement for observing the effects of ca- 
pacitive loading, while Figure 3-12b shows an incident wave 
followed by reflections from two capacitive loads. The two 
capacitors causing the reflections are separated by a dis- 
tance requiring a travel time of 1 ns. The two reflections 
return to the source 2 ns apart, since it takes 1 ns longer for 
the incident wave to reach the second capacitor and an 
additional 1 ns for the second reflection to travel back to the 
source. In the upper trace of Figure 
3-12b, the input signal 


rise time is 1 ns and there are two distinct reflections, al- 
though the trailing edge of the first overlaps the leading 
edge of the second. The input rise time is longer in the 
middle trace, causing a greater overlap. In the lower trace, 
the 2 ns input rise time causes the two reflections to merge 
and appear as a single reflection which is relatively constant 
(at;:;; 
-10%) 
for half its duration. This is about the same 


reflection that would occur if the 93fl line had a middle sec- 
tion with an impedance reduced to 75fl. 
With a number of capacitors distributed all along the line of 
Figure 3-12a, the combined reflections modify the observed 
input waveform as shown in the top trace of Figure 
3-12c. 
The reflections persist for a time equal to the 2-way line 
delay (15 ns), after which the line voltage attains its final 
value. The waveform suggests a line terminated with a re- 
sistance greater than its characteristic impedance (RT > 


Zo). This analogy is strengthened by observing the effect of 
reducing RT from 93fl to 75fl, which leads to the middle 
waveform of Figure 
3-12c. Note that the final (steady state) 


value of the line voltage is reduced by about the same 
amount as that caused by the capacitive reflections. In the 
lower trace of Figure 
3-12c the source resistance Rs is re- 


duced from 93fl to 75fl, restoring both the initial and final 
line voltage values to the same amplitude as the final value 
in the upper trace. From the standpoint of providing a de- 
sired signal voltage on the line and impedance matching at 
either end, the effect of distributed capacitive loading can 
be treated as a reduction in line impedance. 
The reduced line impedance can be calculated by consider- 
ing the load capacitance CL as an increase in the intrinsic 
line capacitance Co along that portion of the line where the 
loads are connected.6 Denoting this length of line as I, the 
distributed value Co of the load capacitance is as follows. 


CL 
Co=, 


CD is then added to Co in Equation 
3-1 to determine the 


reduced line impedance Zo0 


Z' 
- 
JLO _~ 
Lo 
o-'J~- 
Co( 
CD) 
1+- 
Co 


Z' 
+ 
~ 
_ 
Zo 
°RR 
1+~ 
1+~ 
Co 
Co 


RS=93n 
Zo=93n 
cF 
, 
, 
, 
t~'N'l 
t 


I 
I 
I 
!c 


.L 
..L 
I I 
v, 
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H:; 2 ns/dly 
V = 0.25 Vldlv 
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b. Capacitive 
Reflections 
Merging 
as Rise Time Increases 


RS = 93~! 


- 
Rr=75!J 


- 
Rs= 
RT= 
75 n 
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c. Matching 
the Altered 
Impedance 


of a Capacitively 
Loaded 
Line 


FIGURE 
3-12. Capacitive 
Reflections 
and Effects 
on Line Characteristics 


Distributed 
Loading Effects on 
Line Characteristics 
(Continued) 


In the example 
of Figure 3-12c, the total load capacitance 
is 
33 pF while the total intrinsic 
line capacitance 
1Co is 60 pF. 
(Note 
that 
the 
ratio 
ColCo 
is the 
same 
as CL1ICo.) 
The 
calculated 
value 
of the reduced 
impedance 
is thus 


93 
93 
Z'o 
= -~---33- 
= -.ras-.5-5 
= 75n 
1 +- 
60 


This 
correlates 
with 
the 
results 
observed 
in Figure 
3-12c 
when 
RT and Rs are reduced 
to 75n. 


The distributed 
load capacitance 
also increases 
the line de- 
lay, which 
can be calculated 
from Equation 
3-2. 


ii' = ~Lo(Co 
+ Co) = ~LoCo~1 
+ ~~ 


=ii~1 
+ Co 
Co 


The line used in the example 
of Figure 3-12c has an intrinsic 
delay 
of 6 ns and a loaded 
delay 
of 7.5 ns which 
checks 
with Equation 
3-15. 
Iii' = lii.ras 
= 6.ras 
= 7.5 ns 
(3-16) 


Equation 
3-15 can be used to predict 
the delay for a given 
line and 
load. The 
ratio 
ColCo 
(hence 
the 
loading 
effect) 
can be minimized 
for a given 
loading 
by using a line with a 
high intrinsic 
capacitance 
Co. 


A plot 
of Z' 
and ii' for a 50n 
line as a function 
of CD is 
shown 
in Figure 
3-13. 
This 
figure 
illustrates 
that 
relatively 
modest 
amounts 
of load capacitance 
will add appreciably 
to 
the propagation 
delay of a line. In addition, 
the characteris- 
tic impedance 
is reduced 
significantly. 
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FIGURE 
3-13. Capacitive 
Loading 
Effects 
on Line Delay 
and Impedance 


Worst case reflections 
from a capacitively 
loaded 
section 
of 
transmission 
line can be accurately 
predicted 
by using the 
modified 
impedance 
of Equation 
3-9.6 When 
a signal 
origi- 
nates on an unloaded 
section 
of line, the effective 
reflection 
coefficient 
is as follows. 


Z'o - 
Zo 


P = Z'o 
+ Zo 


Mismatched 
Lines 


Reflections 
occur 
not 
only 
from 
mismatched 
load 
and 
source 
impedances 
but also 
from 
changes 
in line imped- 
ance. These 
changes 
could 
be caused 
by bends 
in coaxial 
cable, 
unshielded 
twisted-pair 
in contact 
with metal, or mis- 
match between 
PC board traces and backplane 
wiring. With 
the coax or twisted-pair, 
line impedance 
changes 
run about 
5% to 10% and reflections 
are usually 
no problem 
since the 
percent 
reflection 
is roughly 
half the percent 
change 
in im- 
pedance. 
However, 
between 
PC board 
and backplane 
wir- 
ing, the mismatch 
can be 2 or 3 to 1. This 
is illustrated 
in 
Figure 
3-14 
and 
analyzed 
in the 
lattice 
diagram 
of Figure 
3-15. Line 1 is driven 
in the series terminated 
mode so that 
reflections 
coming 
back to the source 
are absorbed. 


The reflection 
and transmission 
at the point 
where 
imped- 
ances 
differ are determined 
by treating 
the downstream 
line 
as though 
it were a terminating 
resistor. 
For the example 
of 
Figure 
3-14, 
the reflection 
coefficient 
at the intersection 
of 
lines 1 and 2 for a signal traveling 
to the right is as follows. 


Z2 - 
Z1 
93 - 
50 
P12 = Z2 + Z, 
= ~ 
= 
+0.3 
(3-18) 


Thus 
the signal 
reflected 
back 
toward 
the 
source 
and the 
signal continuing 
along 
line 2 are, respectively, 
as follows. 


V1r = 
P12 V1 = 
+0.3V1 
(3-19a) 


V2 = (1 + 
P12)V1 
= 
+1.3V1 
(3-19b) 


At the intersection 
of lines 2 and 3, the reflection 
coefficient 
for signals 
traveling 
to the right is determined 
by treating 
Z3 
as a terminating 
resistor. 


Z3 - 
Z2 
39 - 
93 
P23 = --- 
= --- 
= 
-0.41 
(3-20) 
Z3 + Z2 
132 


When V2 arrives 
at this point, the reflected 
and transmitted 
signals 
are as follows. 


V2r = 
P23 V2= 
-0.41 
V2 
= (-0.41) 
(1.3)V1 
(3-21 a) 


= 
-0.53 
V1 


V3 = (1 + 
P23) V2 = 0.59 V2 
= 
(0.59)(1.3) 
V 1 
(3-21 b) 


= 0.77 V, 


Voltage 
V3 is doubled 
in magnitude 
when 
it arrives 
at the 
open-ended 
output, 
since PL is + 1. This effectively 
cancels 
the voltage 
divider 
action 
between 
Rs and Z1 . 


V4 = 
(1 + 
PU V3 = (1 + 
PU (1 + 
P23) V2 


= 
(1 + pLl (1 + 
P23) (1 + 
P'2) V1 
(3-22) 
Vo 
= 
(1 + 
PU (1 + 
P23) (1 + 
P12) "2 


V4 = (1 + 
P23) (1 + 
P12) Vo 


Thus, Equation 
3-22 is the general 
expression 
for the initial 
step of output voltage 
for three lines when the input is series 
terminated 
and the output 
is open-ended. 
,. 


Mismatched 
Lines (Continued) 
Note that the reflection coefficients at the intersections of 
lines 1 and 2 and lines 2 and 9 in Figure 3-15 have reversed 
signs for signals traveling to the left. Thus the voltage re- 
flected from the open output and the signal reflecting back 
and forth on line 2 both contribute additional increments of 
output voltage in the same polarity as Vo. Lines 2 and 3 
have the same delay time; therefore, the two aforemen- 
tioned increments arrive at the output simultaneously at 
time 5T on the lattice diagram (Figure 3-15). 
In the general case of series lines with different delay times, 
the vertical lines on the lattice diagram should be spaced 
apart in the ratio of the respective delays. Figure 
3-16 
shows this for a hypothetical case with delay ratios 1:2:3. 
For a sequence of transmission lines with the highest im- 


pedance line in the middle, at least three output voltage 
increments with the same polarity as Vo occur before one 
can occur of opposite polarity. On the other hand, if the 
middle line has the lowest impedance, the polarity of the 
second increment of output voltage is the opposite of Vo. 
The third increment of output voltage has the opposite po- 
larity, for the time delay ratios of Figure 
3-16. 
When transmitting logic signals, it is important that the initial 
step of line output voltage pass through the threshold region 
of the receiving circuit, and that the next two increments of 
output voltage augment the initial step. Thus in a series ter- 
minated sequence of three mismatched lines, the middle 
line should have the highest impedance. 
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Rise Time versus Line Delay 


When 
the 2-way 
line delay 
is less than the rise time of the 


input wave, any reflections 
generated 
at the end of the line 


are returned 
to the source 
before the input transition 
is com- 


pleted. 
Assuming 
that the generator 
has a finite 
source 
re- 


sistance, 
the reflected 
wave 
adds algebraically 
to the input 


wave while it is still in transition, 
thereby 
changing 
the shape 


of the input. This effect 
is illustrated 
in Figure 
3-17. 
which 


shows 
input 
and 
output 
voltages 
for 
several 
comparative 


values 
of rise time and line delay. 


In Figure 3-17b where the rise time is much shorter 
than the 


line delay, 
Vl 
rises to an initial value 
of W. At time T later, 
VT rises to 0.5V, i.e., 1 + PL = 0.5. The negative 
reflection 


arrives 
back at the source 
at time 2T, causing 
a net change 


of -O.4V, 
i.e., (1 + psI (-0.5) 
= -0.4. 


The negative 
coefficient 
at the source 
changes 
the polarity 


of the other 0.1 V of the reflection 
and returns 
it to the end of 


the line, causing 
VT to go positive 
by another 
50 mV at time 


3T. The remaining 
50 mV is inverted 
and reflected 
back to 


the 
source, 
where 
its effect 
is barely 
distinguishable 
as a 
small negative 
change 
at time 4T. 


In Figure 
3-17c, 
the 
input 
rise time 
(0% 
to 
100%) 
is in- 
creased 
to such an extent 
that the input ramp ends just as 


the negative 
reflection 
arrives 
back at the source 
end. Thus 


the input rise time is equal to 2T. 


The input rise time is increased 
to 4T in Figure 
3-17d, 
with 


the negative 
reflection 
causing 
a noticeable 
change 
in input 
slope 
at about 
its midpoint. 
This 
change 
in slope 
is more 


visible 
in the double 
exposure 
photo 
of Figure 3-17e, 
which 


shows 
Vl 
(t, still set for 4T) with and without 
the negative 


reflection. 
The reflection 
was eliminated 
by terminating 
the 


line in its characteristic 
impedance. 


The net input voltage 
at any particular 
time is determined 
by 


adding 
the 
reflection 
to the 
otherwise 
unaffected 
input. 
It 


must be remembered 
that the reflection 
arriving 
back at the 
input at a given time is proportional 
to the input voltage 
at a 
time 
2T earlier. 
The 
value 
of Vl 
in Figure 
3-17d 
can 
be 
calculated 
by starting 
with the 1V input ramp. 


1 
Vl 
= -et 
forO:S: t :S:4T 
t, 
=W 
fort;;;'4T 


The reflection 
from the end of the line is 


V = pLlt 
- 
2T). 
, 
t,' 


the portion 
of the reflection 
that appears 
at thb input is 


V' 
= (1 + psI PL (t - 
2T). 
(3-25) 
, 
~ 
, 


the net value 
of the input voltage 
is the sum. 


V'l 
= .!. + (1 + psI + PL (t - 
2T) 
t, 
t, 


The peak value of the input voltage 
in Figure 3-17d 
is deter- 


mined by substituting 
values 
and letting 
t equal 4T. 


(0.8) (-0.5) 
(4T - 
2T) 


V'l = 1 +--------t, 
= 1 - 
0.4 (0.5) = 0.8V 


After this peak point, the input ramp is no longer 
increasing 


but the reflection 
is still arriving. 
Hence 
the net value of the 


input 
voltage 
decreases. 
In this 
example, 
the 
later 
reflec- 


tions 
are too small to be detected 
and the input voltage 
is 


thus stable 
after time 6T. For the general 
case of ,epeated 


reflections, 
the net voltage 
V 1 (I) seen 
at the driven 
end of 
the 
line 
can 
be 
expressed 
as follows, 
where 
the 
signal 


caused 
by the generator 
is V 1(I). 
• 


Rise Time versus Line Delay 
(Conlinued) 


V'1(t) = V1(1) 


forO < I < 2T 


V'1(1) = V1(t) + (1 + PS) PL V1(t-2T) 


for2T 
< I < 4T 


V'1(1) = V1(t) + (1 + PS) PL V1(t-2T) 


+ (1 + PS) PSPL2V1(t-4T) 
(3-28) 
for4T 
< I < 6T 


V'1(t) = V1(t) + (1 + PS) PL V1(1-2T) 


+ (1 + PS) PSPL2V1(t-4T) 
+ (1 + PS)PS2PL3V1(t-6T) 
for 6T < I < 8T. elc. 


Rs=500 
cF 


The vollage 
al Ihe oulpul 
end of Ihe line is expressed 
in a 


similar 
manner. 


VT(I) = 0 
forO < I < T 


VT(I) = (1 + pLl V1(I-T) 
forT 
< I < 3T 


VT(I) = (1 + PLlV1(I-T) 


+(1 
+ 
pLlpSPLV1(t-3T) 
for3T 
< I < 5T 


VT(I) = (1 + pLl V1(1 - T) 
+ (1 + pLl PSPLV1(t-3T) 
+ (1 + pLl PS2PL2 V1(1-5T) 
for 5T < I < 7T, elc. 


H = 10 nsJdiv 
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c. Line Voltages for tr = 2T 
e. Input Voltage with and without Reflection 


FIGURE3·17. Line Voltages for Various Ratios of Rise Time to Line Delay 


impedance matches the line impedance. When the source 
reflection coefficient PS and the load reflection coefficient 
PLare of opposite polarity, the reflections alternate in polari- 
ty. This causes the signal voltage to oscillate about the final 
steady state value, commonly recognized as ringing. 
When the signal rise time is long compared to the line delay, 
the signal shape is distorted because the individual reflec- 
tions overlap in time. The basic relationships among rise 
time, line delay, overshoot and undershoot are shown in a 
simplified diagram, Figure 3-18. The incident wave is a ramp 
of amplitude 8 and rise duration A. The reflection coefficient 
at the open-ended line output is + 1 and the source reflec- 
tion coefficient is assumed to be -0.8, 
Le., Ro = Zo/9. 


delay T. The time scale reference is the line output and the 
first increment of output voltage Va rises to 28 in the time 
interval A. Simultaneously, a positive reflection (not shown) 
of amplitude 8 is generated and travels to the source, 
whereupon it is multiplied by -0.8 
and returns toward the 


end of the line. This negative-going ramp starts at time 2T 
(twice the line delay) and doubles to -1.68 
at time 2T + A. 


The negative-going increment also generates a reflection of 
amplitude - 0.88 which makes the round trip to the source 
and back, appearing at time 4T as a positive ramp rising to 
+ 1.288 at time 4T + A. The process of reflection and re- 
reflection continues, and each successive increment chang- 
es in polarity and has an amplitude of 80% of the preceding 
increment. 
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c. Net Output Signal Determined by Superposition 


FIGURE 3·18. Basic Relationships Involved In Ringing 
• 


I/lr--------------------------------------i 
ii 
are intended to focus attention on the general methods 
~ 
Ringing (Continued) 
used to determine the interactions between high-speed log- 
e 
In Figure 
3-18c, the output increments are added algebrai- 
ic circuits and their interconnections. Considering an inter- 
S 
cally by superposition. The starting point of each increment 
connection in terms of distributed rather than lumped induc- 


Q) 
is shifted upward to a voltage value equal to the algebraic 
tance and capacitance leads to the line impedance concept, 
e 
sum of the quiescent levels of all the preceding increments 
i.e., mismatch between this characteristic impedance and 
::i 
(i.e., 0, 2B, O.4B, 1.68B, etc.). For time intervals when two 
the terminations causes reflections and ringing. 
S 
ramps occur simultaneously, the two linear functions add to 
Series termination provides a means of absorbing reflec- 
'iij 
produce a third ramp that prevails during the overlap time of 
tions when it is likely that discontinuities and/or line imped- 
.~ 
the two increments. 
ance changes will be encountered. A disadvantage is that 
~ 
It is apparent from the geometric relationships, that if the 
the incident wave is only one-half the signal swing, which 
e 
ramp time A is less than twice the line delay, the first output 
limits load placement to the end of the line. ECL input ca- 
E 
increment has time to rise to the full 2B amplitude and the 
pacitance increases the rise time at the end of the line, thus 
I- 
second increment reduces the net output voltage to O.4B. 
increasing the effective delay. With parallel termination, i.e., 
Conversely, if the line delay is very short compared to the 
at the end of the line, loads can be distributed along the line. 
ramp time, the excursions about the final value VG are 
ECL input capacitance modifies the line characteristics and 
small. 
should be taken into account when determining line delay. 


Figure 
3-18c 
shows that the peak of each excursion is 
reached when the earlier of the two constituent ramps 
reaches its maximum value, with the result that the first 
peak occurs at time A. This is because the earlier ramp has 
a greater slope (absolute value) than the one that follows. 
Actual waveforms such as produced by ECL or TIL do not 
have a constant slope and do not start and stop as abruptly 
as the ramp used in the example of Figure 
3-18. Predicting 
the time at which the peaks of overshoot and undershoot 
occur is not as simple as with ramp excitation. A more rigor- 
ous treatment is required, including an expression for the 
driving waveform which closely simulates its actual shape. 
In the general case, a peak occurs when the sum of the 
slopes of the individual signal increment is zero. 


Summary 
The foregoing discussions are by no means an exhaustive 
treatment of transmission line characteristics. Rather, they 


References 
1. Metzger, G. and Vabre, J., Transmission 
Lines 
with Pulse 
Excitation, 
Academic Press, (1969). 
2. Skilling, H., Electric 
Transmission 
Lines, 
McGraw-Hili, 


(1951). 
3. Matick, R., Transmission 
Lines 
for Digital 
and Communi- 
cation 
Networks, 
McGraw-Hili, (1969). 


4. Millman, J. and Taub, H., Pulse 
Digital 
and 
SWitching 
Waveforms, 
McGraw-Hili, (1965). 
5. "Time Domain Reflectometry", Hewlett-Packard 
Journal, 
Vol. 15, No.6, (February 1964). 


6. Feller, A., Kaupp H., and Digiacoma, J., "Crosstalk and 
Reflections in High-Speed Digital Systems", 
Proceed- 
ings, Fall Joint 
Computer 
Conference, 
(1965). 


~Nat1onal 
~ 
semiconductor 


Chapter 4 
System Considerations 


Introduction 


All of National's 
ECl 
input and output 
impedances 
are de- 
signed 
to accommodate 
various 
methods 
of driving and ter- 
minating 
interconnections. 
Controlled 
wiring 
impedance 
makes 
it possible 
to use simplified 
equivalent 
circuits 
to de- 
termine 
limiting 
conditions. 
Specific 
guidelines 
and recom- 
mendations 
are 
based 
on assumed 
worst-case 
combina- 
tions. 
Many of the recommendations 
may seem 
conserva- 
tive, 
compared 
to typical 
observations, 
but the intent 
is to 
help the designer 
achieve 
a reliable 
system 
in a reasonable 
length 
of time with a minimum 
amount 
of redesign. 


PC Board Transmission 
Lines 


Strictly 
speaking, 
transmission 
lines are not always 
required 
for FlOOK 
ECl 
but, when 
used, 
they 
provide 
the 
advan- 
tages 
of predictable 
interconnect 
delays 
as well as reflec- 
tion and ringing 
control 
through 
impedance 
matching. 
Two 
common 
types of PC board transmission 
lines are microstrip 
and 
stripline, 
Figure 
4-1. Stripline 
requires 
multilayer 
con- 
struction 
techniques; 
microstrip 
uses 
ordinary 
double-clad 
b~ards. 
Other 
board construction 
techniques 
are wire wrap, 
stitch 
weld and discrete 
wired. 


Stripline, 
Figure 
4-1b, 
is used 
where 
packing 
density 
is a 
high priority because 
increasing 
the interconnect 
layers pro- 
vides short 
signal paths. 
Boards 
with as many as 14 layers 
have been used in ECl 
systems. 


Microstrip 
offers 
easier 
fabrication 
and higher 
propagation 
velocity 
than stripline. 
but the routing 
for a complex 
system 
may require 
more design 
effort. 
In Figure 
4-1a, the ground 
plane can be a part of the VEE distribution 
as long as ade- 
quate bypassing 
from VEE to Vcc 
(ground) 
is provided. 
Also, 
signal routing 
is simplified 
and an extra voltage 
plane is ob- 


tained 
by bonding 
two 
microstrip 
structures 
back 
to back 
Figure 
4-1c. 
' 


Microstrip 


Equation 
4-1 relates 
microstrip 
characteristic 
impedance 
to 
the dielectric 
constant 
and dimensions.1 
Electric 
field fring- 
ing requires 
that 
the ground 
extend 
beyond 
each 
edge 
of 
the signal trace 
by a distance 
no less than the trace 
width. 


z-( 
60 
)I( 
4h 
) 
o - 
J0.475 Er + 0.67 
n 
0.67 (0.8 w + t) 


_ 
( 
87 
) In ( 
5.98 h 
) 
- 
JEr + 1.41 
0.8w + t 


where 
h = dielectric 
thickness, 
w = trace width, t = trace 
thickness, 
Er = board material 
dielectric 
constant 
relative 
to 
air. 


r_ 


w 
r 
tmWKk 
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AC GROUND 


c. Composite 
Mlcrostrlp 


FIGURE 
4-1. Transmission 
Lines 
on Circuit 
Boards 
• 


PC Board Transmission 
Lines (Continued) 


Equation 
4-1 was 
developed 
from 
the 
impedance 
formula 
for a wire over ground 
plane transmission 
line, Equation 
4-2. 


where d = wire diameter, 
h = distance 
from ground 
to wire 
center. 


Comparing 
Equation 
4-1 and 4-2, the term 0.67 (0.8 w + t) 
shows 
the equivalence 
between 
a round wire and a rectan- 
gular conductor. 
The term 
0.475 
Er + 0.67 is the effective 
dielectric 
constant 
for microstrip 
Ea, considering 
that 
a mi- 
crostrip 
line 
has 
a compound 
dielectric 
consisting 
of the 
board 
material 
and air. The effective 
dielectric 
constant 
is 
determined 
by measuring 
propagation 
delay per unit of line 
length 
and using the following 
relationship. 


I) = 1.016. 
v'Ee nslft 
(4-3) 


where 
I) = propagation 
delay, 
nslft. 


Propagation 
delay 
is a property 
of the 
dielectric 
material 
rather 
than 
line width 
or spacing. 
The 
coefficient 
1.016 
is 
the reciprocal 
of the velocity 
of iight in free space. 
Propaga- 
tion 
delay 
for 
microstrip 
iines 
on 
glass-filled 
G-10 
epoxy 
boards 
is typically 
1.77 nslft, 
yielding 
an effective 
dielectric 
constant 
of 3.04. 
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FIGURE 
4-2. Microstrip 
Impedance 
Versus 
Trace 
Width, 
G-10 Epoxy 


Using Er = 5.0 in Equation 
4-1, Figure 4-2 provides 
micros- 
trip line impedance 
as a function 
of width 
for several 
G-10 
epoxy 
board 
thicknesses. 
Figure 
4-3 shows 
the related 
Co 
values, 
useful 
for determining 
capacitive 
loading 
effects 
on 
line characteristics, 
(Equation 
3-15). 


System 
designers 
should 
ascertain 
tolerances 
on board 
di- 
mensions, 
dielectric 
constant 
and trace width etching 
in or- 
der to determine 
impedance 
variations. 
If conformal 
coating 
is used the effective 
dielectric 
constant 
of microstrip 
is in- 
creased, 
depending 
on the coating 
material 
and thickness. 
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FIGURE 
4-3. Mlcrostrlp 
Distributed 
Capacitance 
Versus 
Impedance, 
G-10 Epoxy 


Stripline 


Stripline 
conductors 
are totally 
embedded. 
As a result, 
the 
board 
material 
determines 
the 
dielectric 
constant. 
G-10 
epoxy boards 
have a typical 
propagation 
delay of 2.26 ns/ft. 


Equation 
4-4 is used to calculate 
stripline 
impedances.1,2 


Zo = (~) 
In (0.67 
7T (~b8 w + t)) 


where 
b = distance 
between 
ground 
planes, 
w 
trace 
width, 
t = trace 
thickness, 
w/(b-t) 
< 0.35 and tlb 
< 0.25. 


Figure 4-4 shows 
stripline 
impedance 
as a function 
of trace 
width, using Equation 
4-"4 and various 
ground 
plane separa- 
tions 
for G-10 glass-filled 
epoxy 
boards. 
Related 
values 
of 
Co are plotted 
in Figure 
4-5 . 
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FIGURE 
4-4. Stripline 
Impedance 
Versus 
Trace 
Width, 
G-10 Epoxy 
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Wire Wrap 


Wire-wrap 
boards 
are 
commercially 
available 
with 
three 
voltage 
planes, 
positions 
for 
several 
24-pin 
Dual-in-Line 
Packages 
(DIP), terminating 
resistors, 
and 
decoupling 
ca- 
pacitors. 
The devices 
are mounted 
on socket 
pins and inter- 


connected 
with twisted 
pair wiring. 
One wire at each end of 
the twisted 
pair is wrapped 
around 
a signal 
pin, the other 
around 
a ground 
pin. The 
#30 
insulated 
wire 
is uniformly 


twisted 
to prOVide a nominal 
93n 
impedance 
line. Positions 
for 
Single-In-Line 
Package 
(SIP) 
terminating 
resistors 
are 
close to the inputs to provide 
good termination 
characteris- 
tics. 


Stitch 
Weld 


Stitch-weld 
boards 
are 
commercially 
available 
with 
three 


voltage 
planes 
and 
buried 
resistors 
between 
planes. 
The 
devices 
are mounted 
on terminals 
and interconnected 
with 
insulated 
wires that are welded 
to the backside 
of the termi- 


nals. The insulated 
wires 
are placed 
on a controlled 
thick- 
ness over the ground 
plane to provide 
a nominai 
impedance 


of 50n. 
The boards 
are available 
for both DIPs and flatpaks. 


Use of flatpaks 
can increase 
package 
density 
and provide 
higher 
system 
performance. 


Discrete 
Wired 


Custom 
Multiwire* 
boards 
are available 
with integral 
power 


and ground 
planes. 
Wire is placed 
on a controlled 
thickness 


above 
the ground 
plane to obtain a nominal 
impedance 
line 


of 55n. 
Then 
holes 
are drilled 
through 
the wire and board. 


Copper 
is deposited 
in the drilled 
holes by an additive-elec- 


trolysis 
process 
which 
bonds 
each 
wire to the wall 
of the 


holes. 
Devices 
are soldered 
on the board 
to make connec- 


tion to the wires. 


"Multiwire is a registered 
trademark 
of the Multiwire Corporation. 


Parallel 
Termination 


Terminating 
a line at the 
receiving 
end 
with 
a resistance 


equal to the characteristic 
line impedance 
is called 
parallel 
termination, 
Figure 4-6a. F1 OOK circuits 
do not have internal 


pUll-down 
resistors 
on outputs, 
so the terminating 
resistor 
must 
be returned 
to a voltage 
more 
negative 
than 
VOL to 


establish 
the lOW-state 
output 
voltage 
from the emitter 
fol- 


lower. 
A -2V 
termination 
return 
supply 
is commonly 
used. 
This 
minimizes 
power 
consumption 
and 
correlates 
with 


standard 
test specifications 
for ECl 
circuits. 
A pair of resis- 
tors connected 
in series between 
ground 
(Vecl 
and the VEE 


supply 
can prOVide the Thevenin 
eqUivalent 
of a single 
re- 
sistor 
to 
- 2V if a separate 
termination 
supply 
is not avail- 
able, 
Figure 
4-6b. 
The 
average 
power 
dissipation 
in the 
Thevenin 
equivalent 
resistors 
is about 
10 times 
the power 
dissipation 
in the single resistor 
returned 
to - 2V, as shown 
in Figures 
5-10 
and 
5-t3. 
For 
either 
parallel 
termination 
method, 
decoupling 
capacitors 
are 
required 
between 
the 
supply 
and ground 
(Chapter 
6). 


c. Equivalent 
Circuit for Determining 
Approximate 
VOH and VOL Levels 


r 
Rr 


EOL=-1.67V~VOL 
8 n 
VTT 


d. F100K Output 
Characteristic 
with Terminating 
Resistor 
RT Returned 
to VTT = - 2.0V 
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PC Board Transmission 
Lines 
(Continued) 


F100K 
output 
transistors 
are designed 
to drive 
low-imped- 
ance 
loads 
and 
have 
a maximum 
output 
current 
rating 
of 


50 mA. The circuits 
are specified 
and tested with a 500 
load 


returned 
to 
-2V. 
This 
gives 
nominal 
output 
levels 
of 


-0.955V 
at 20.9 mA and -1.705V 
at 5.9 mA. Output 
levels 


will be different 
with other load currents 
because 
of the tran- 


sistor 
output 
resistance. 
This 
resistance 
is nonlinear 
with 


load current 
since it is due, in part, to the base-emitter 
volt- 


age of the emitter 
follower, 
which 
is logarithmic 
with output 


current. 
With 
the standard 
500 
load, the effective 
source 


resistance 
is approximately 
60 
in the HIGH state and 80 
in 


the lOW 
state. 


The foregoing 
values 
of output 
voltage, 
output 
current, 
and 


output 
resistance 
are used to estimate 
quiescent 
output 
lev- 


els with 
different 
loads. 
An equivalent 
circuit 
is shown 
in 


Figure 4-6c. The ECl 
circuit is assumed 
to contain 
two inter- 
nal voltage 
sources 
EOH and EOl with series resistances 
of 


60 
and 
80 
respectively. 
The 
values 
shown 
for 
EOH and 


EOl are -0.85V 
and 
-1.67V 
respectively. 


The 
linearized 
portion 
of the 
F100K 
output 
characteristic 


can be represented 
by two equations: 


For VOH: VOUT = -850 
-6 
OUT 


For VOL: VOUT = -1670 
-8 
lOUT 


where 
lOUT is in mA, VOUT is in mY. 


If the range of lOUT is confined 
between 
8 mA to 40 mA for 


VOH, and 2 mA to 16 mA for VOL, the output 
voltage 
can be 


estimated 
within 
± 10 mV (Figure 4-6d). 


An ECl 
output 
can drive two or more 
lines in parallel, 
pro- 


vided 
the maximum 
rated current 
is not exceeded. 
Another 


consideration 
is the effect 
of various 
loads 
on noise 
mar- 


gins. 
For example, 
two 
parallel 
750 
terminations 
to 
- 2V 


(Figure 
4-6r:!) 
give output 
levels 
of approximately 
-1.000V 


and 
-1.716V. 
Noise 
margins 
are thus 
35 mV less in the 


HIGH state and 11 mV more in the lOW 
state, compared 
to 


500 
load conditions. 
Conversely, 
a single 750 
load to -2V 


causes 
noise margins 
38 mV greater 
in the HIGH state and 


11 mV less in the low 
state, compared 
to a 500 
load. 


The magnitude 
of reflections 
from the terminated 
end of the 
line 
depends 
on 
how 
well 
the 
termination 
resistance 
RT 


matches 
the line impedance 
ZOo The ratio of the reflected 


voltage 
to the incident 
voltage 
Vi is the reflection 
coefficient 


p. 


V, 
RT - 
Zo 


V; = p = RT + Zo 
(4-5) 


The initial signal 
swing at the termination 
is the sum of the 


incident 
and reflected 
voltages. 
The ratio of termination 
sig- 


nal to incident 
signal 
is thus: 


VT 
2RT 
- 
= 1 + P = --- 
(4-6) 


Vi 
RT + Zo 


The degree 
of reflections 
which 
can be tolerated 
varies 
in 


different 
situations, 
but to allow 
for worst-case 
circuits, 
a 


good 
rule of thumb 
is to limit reflections 
to 15% to prevent 


excursions 
into the threshold 
region 
of the ECl 
inputs 
con- 


nected 
along the line. The range of permissible 
values of RT 


as a function 
of Zo and the reflection 
coefficient 
limitations 


can be determined 
by rearranging 
Equation 
4-5. 


1 + P 
RT = Zo -- 
(4-7) 
1 - P 


Using 
15% 
reflection 
limits 
as examples, 
the range 
of the 


RT/ZO ratio is as follows. 


~ 
> RT > 0.85 
1.35 > RT> 
0.74 
0.85 
Zo 
1.15 
Zo 


The 
permissible 
range 
of the 
RT/ZO 
ratio 
determines 
the 


tolerance 
ranges 
for 
RT and 
ZOo For 
example, 
using 
the 


foregoing 
ratio limits, RT tolerances 
of ± 10% allow Zo toler- 


ance 
limits 
of 
+22% 
and 
-19%; 
RT tolerances 
of 
±5% 


allow Zo tolerance 
limits of +28% 
and 
-23%. 


An additional 
requirement 
on the maximum 
value 
of RT is 


related 
to the value 
of quiescent 
10H current 
needed 
to in- 


sure 
sufficient 
negative-going 
signal 
swing 
when 
the 
ECl 


driver 
switches 
from the HIGH state to the lOW 
state. The 


npn emitter-follower 
output 
of the ECl 
circuit cannot 
act as 


a voltage 
source 
driver for negative-going 
transitions. 
When 


the voltage 
at the base of the emitter 
follower 
starts 
going 


negative 
as a result of an internal 
state change, 
the output 


current 
of the emitter 
follower 
starts to decrease. 
The trans- 


mission 
line responds 
to the decrease 
in current 
by produc- 


ing a negative-going 
change 
in voltage. 
The ratio of the volt- 


age change 
to the current 
change 
is, of course, 
the charac- 


teristic 
impedance 
ZOoSince the maximum 
decrease 
in cur- 


rent that 
the 
line can experience 
is from 
10H to zero, 
the 


maximum 
negative-going 
transition 
which 
can be produced 


is the product 
10H Z00 


If the 10H Zo product 
is greater 
than the normal 
negative-go- 


ing signal 
swing, 
the emitter 
follower 
responds 
by limiting 


the current 
change, 
thereby 
controlling 
the signal 
swing. 
If, 


however, 
the 10H Zo product 
is too small; the emitter 
follow- 


er is momentarily 
turned 
off due to insufficient 
forward 
bias 


of its base-emitter 
junctions, 
causing 
a discontinuous 
nega- 


tive-going 
edge 
such 
as the one 
shown 
in Figure 
4-14. 
In 


the output-lOW 
state the emitter 
follower 
is essentially 
non- 


conducting 
for 
VOL 
values 
more 
positive 
than 
about 


-1.55V. 
Using this value 
as a criterion 
and expressing 
10H 


and VOH in terms of the equivalent 
circuit of Figure 
4-6c, an 


upper limit on the value of RT can be developed. 


l1V = 10HZO > 1.55 -IVOHI 


( EOH - 
Vn) 
Zo > 1.55 -Ivn 
Ro = EOHRTI 


Ro + RT 
Ro + RT 


RT < (EOH - 
Vn) 
Zo - 
(1.55 - 
IVnl) 
Ro 


1.55 - 
IEoHI 


For a Vn 
of -2V, 
Ro of 60 
and EOH of -0.85V, 
Equation 


4-9 reduces 
to 


RT < 1.64 Zo + 3.860 


For Zo = 500, 
the emitter 
follower 
cuts off during 
a nega- 


tive-going 
transition 
if RT exceeds 
860. 
Changing 
the volt- 


age level criteria to - 1.60V to insure continuous 
conduction 


in the emitter 
follower 
gives an upper limit of 770 
for a 500 


line. For a line terminated 
at the receiving 
end with a resist- 


ance to 
-2V, 
a rough 
rule-of-thumb 
is that termination 
re- 


sistance 
should 
not exceed 
line impedance 
by more 
than 


50%. This insures 
a satisfactory 
negatve-going 
signal swing 


to ECl 
inputs connected 
along the line. The quiescent 
VOL 


level, after all reflections 
have damped 
out, is determined 
by 


RT and the ECl 
output 
characteristic. 


Input Impedance 


The 
input 
impedance 
of ECl 
circuits 
is predominately 
ca- 


pacitive. 
A single-function 
input 
has an effective 
value 
of 


about 
1.5 pF for F100K 
flatpak, 
as determined 
by its effect 


on reflected 
and transmitted 
signals 
on transmission 
lines. 


Input Impedance 
(Continued) 


In practical 
calculations, 
a value 
of 2 pF should 
be used. 


Approximately 
one third 
of this capacitance 
is attributed 
to 
the 
internal 
circuitry 
and two 
thirds 
to the flatpak 
pin and 
internal 
bonding. 


For F100K 
f1atpak circuits, 
multiple 
input 
lines may appear 
to have up to 3 pF to 4 pF but never more. 
For example, 
in 
the 
F1 001 02, 
an 
input 
is connected 
internally 
to 
all five 
gates, 
but 
because 
of 
the 
philosophy 
of 
buffering 
these 
types 
of inputs 
in the F100K 
family 
this input appears 
as a 
unit load with a capacitance 
of approximately 
2 pF. For ap- 
plications 
such 
as a data 
bus, with 
two 
or more 
outputs 
connected 
to the same 
line, the capacitance 
of a passive- 
lOW 
output 
can be taken 
as 2 pF. 


Capacitive 
loads 
connected 
along 
a transmission 
line 
in- 
crease 
the propagation 
delay of a signal along the line. The 
modified 
delay 
can be determined 
by treating 
the load ca- 
pacitance 
as an increase 
in the intrinsic 
distributed 
capaci- 
tance 
of the line, discussed 
in Chapter 
3. The intrinsic 
ca- 
pacitance 
of any stubs which 
connect 
the inputs to the line 
should 
be included 
in the 
load 
capacitance. 
The 
intrinsic 
capacitance 
per unit length for G-1 0 epoxy boards 
is shown 
in Figure 4-3 and 4-5 for microstrip 
and stripline 
respective- 


ly. For other dielectric 
materials, 
the intrinsic 
capacitance 
Co 
can be determined 
by dividing the intrinsic 
delay I) (Equation 
4-3) by the line impedance 
Zoo 


The 
length 
of a stub 
branching 
off the line to connect 
an 
input should 
be limited 
to insure 
that the signal 
continuing 
along 
the 
line past the stub 
has a continuous 
rise, as op- 
posed 
to a rise (or fall) with several 
partial steps. 
The point 
where a stub branches 
off the line is a low impedance 
point. 


This 
creates 
a negative 
coefficient 
of reflection, 
which 
in 
turn reduces 
the amplitude 
of the incident 
wave as it contin- 
ues 
beyond 
the 
branch 
point. 
If the 
stub 
length 
is short 
enough, 
however, 
the first reflection 
returning 
from the end 
of the stub adds to the attenuated 
incident 
wave while 
it is 
still rising. The sum of the attenuated 
incident 
wave and the 
first stub reflection 
provides 
a step-free 
signal, 
although 
its 
rise time will be longer than that of the original 
signal. Satis- 
factory 
signal transitions 
can be assured 
by restricting 
stub 
lengths 
according 
to the recommendations 
for unterminated 
lines 
(Figure 
4-10). 
The 
same 
considerations 
apply 
when 
the 
termination 
resistance 
is not connected 
at the 
end 
of 
the line; a section 
of line continuing 
beyond 
the termination 
resistance 
should 
be treated 
as an unterminated 
line and its 
length 
restricted 
accordingly. 


Series Termination 


Series 
termination 
requires 
a resistor 
between 
the 
driver 
and transmission 
line, Figure 
4-7. The receiving 
end of the 
line has no termination 
resistance. 
The series resistor 
value 
should 
be selected 
so that when 
added to the driver source 
resistance, 
the total 
resistance 
equals 
the line impedance. 


The voltage 
divider action 
between 
the net series resistance 
and 
the 
line 
impedance 
causes 
an incident 
wave 
of half 
amplitude 
to start down the line. When the signal arrives 
at 
the unterminated 
end of the line, it doubles 
and is thus re- 
stored 
to a full amplitude. 
Any reflections 
returning 
to the 
source 
are absorbed 
without 
further 
reflection 
since the line 
and source 
impedance 
match. This feature, 
source 
absorp- 
tion, makes 
series termination 
attractive 
for interconnection 
paths involving 
impedance 
discontinuities, 
such as occur in 
backplane 
wiring. 


A disadvantage 
of series 
termination 
is that 
driven 
inputs 
must be near the end of the line to avoid receiving 
a 2-step 


signal. 
The initial signal 
at the driver 
end is half amplitude, 


rising to full amplitude 
only after the reflection 
returns 
from 
the open 
end of the line. In Figure 
4-7, one load is shown 
connected 
at point 
D, aways 
from 
the 
line end. This 
input 
receives 
a full amplitude 
signal with a continuous 
edge if the 
distance 
I to the open end of the line is within recommended 
lengths 
for unterminated 
line (Figure 
4-10). 


FIGURE 4-7. Series 
Termination 


The signal at the end has a slower 
rise time that the incident 
wave 
because 
of capacitive 
loading. 
The 
increase 
in rise 
time to the 50% point effectively 
increases 
the line propaga- 


tion delay, 
since 
the 
50% 
point 
of the 
signal 
swing 
is the 
input 
signal 
timing 
reference 
point. 
This 
added 
delay 
as a 
function 
of the 
product 
line 
impedance 
and 
load 
capaci- 
tance 
is discussed 
in Chapter 
3. 


Quiescent 
VOH and VOL levels 
are established 
by resistor 
RE (Figure 
4-7), 
which 
also 
acts 
with 
VEE to 
provide 
the 
negative-going 
drive into Rs and Zo when 
the driver output 
goes 
to the 
lOW 
state. 
To determine 
the 
appropriate 
RE 
value, the driver output 
can be treated 
as a simple 
mechani- 


cal switch 
which 
opens 
to initiate the negative-going 
swing. 


At this instant, 
Zo acts as a linear resistor 
returned 
to VOH. 


Thus the components 
form a simple circuit of RE, Rs and Zo 


in a series, 
connected 
between 
VEE and 
VOH. The 
initial 
current 
in this series circuit 
must be sufficient 
to introduce 
a 
0.38V transient 
into the line, which then doubles 
at the load 
end to give 0.75V swing. 


VOH - 
VEE 
0.38 
(4-10) 
IRE = -----;;;, 
- 
RE + Ps + Zo 
Zo 


Any IOH current 
flowing 
in the line before 
the switch 
opens 
helps 
to generate 
the negative 
swing. 
This current 
may be 
quite small, however, 
and should 
be ignored 
when 
calculat- 
ing RE. 


Increasing 
the minimum 
signal swing into the line by 30% to 
0.49V 
insures 
sufficient 
pull-down 
current 
to handle 
reflec- 
tion currents 
caused 
by impedance 
discontinuities 
and load 
capacitance. 
The appropriate 
RE value 
is determined 
from 
the following 
relationship. 


VOH - 
VEE 
;;;,0.49 
(4-11) 
RE + Rs + Zo 
Zo 


For the 
RE range 
normally 
used, 
quiescent 
VOH averages 
approximately 
0.955V 
and VEE = -4.5V. 
The value 
of Rs 
is equal to Zo minus 
Ro (Ro averages 
7.0.). Inserting 
these 
values 
and rearranging 
Equation 
4-11 gives the following. 


RE ,,; 5.23 Zo + 7D. 
(4-12) 


Power 
dissipation 
in RE is listed 
in Figure 
5-14. The power 
dissipation 
in RE is greater 
than in RT of a parallel 
termina- 
tion 
to 
-2V, 
but 
still 
less 
than 
the 
two 
resistors 
of the 
Thevenin 
equivalent 
parallel 
termination, 
see 
Figure 
5-10, 


5-13 and 5-14. 


The number 
of driven 
inputs 
on a series 
terminated 
line is 
limited by the voltage 
drop across 
Rs in the quiescent 
HIGH 
state, 
caused 
by the finite 
input currents 
of the ECl 
loads. 
IIH values 
are specified 
on data sheets 
for various 
types 
of 


Series Termination 
(Continued) 


inputs, 
with a worst-case 
value 
of 265 
p.A for simple 
gate 


inputs. 
The 
voltage 
drop 
subtracts 
from 
the 
HIGH-state 


noise 
margin 
as outlined 
in Figure 
4-8a. 


However, 
there 
is more 
HIGH-state 
noise 
margin 
initially, 
because 
there 
is less 
IOH with 
the 
RE load than 
with 
the 


standard 
son 
load to -2V. 
This makes VOH more positive; 
the increase 
ranges from 43 mV for a son 
line to 82 mV for 


a 100n 
line. Using this VOH increase 
as a limit on the volt- 


age drop across 
Rs assures 
that the HIGH-state 
noise mar- 
gin is as good 
as in the 
parallel 
terminated 
case. 
Dividing 


the VOH increase 
by Rs + Ro (= Zo) gives the allowed 
load 


input current 
(Ix in Figure 
4-8a). This works 
out to 0.86 mA 


for a son 
line, 0.92 
mA for a 75n 
line and 0.82 
mA for a 


100n 
line. load 
input current 
greater 
than these values can 


be tolerated 
at some sacrifice 
in noise margin. 
If, for exam- 
ple, an additional 
50 mV loss is feasible, 
the maximum 
val- 
ues of current 
become 
1.86 mA, 1.59 mA and 1.32 mA for 


son, 
75n 
and 100n 
lines respectively. 


An ECl 
output 
can drive 
more than 
one series 
terminated 


line, as suggested 
in Figure 4-8b, if the maximum 
rated out- 


put current 
of 50 mA is not exceeded. 
Also, 
driving 
two or 


more lines requires 
a lower RE value. This makes the quies- 


cent 
IOH higher 
and 
consequently 
VOH lower, 
due to the 


voltage 
drop 
across 
Ro. This 
voltage 
drop 
decreases 
the 


HIGH-state 
noise 
margin, 
which 
may 
become 
the 
limiting 


factor 
(rather 
than 
the maximum 
rated 
current), 
depending 


on the particular 
application. 


The appropriate 
RE value can be determined 
using Equation 


4-13 for VEE = - 
4.5V. 


-.!.-;;, 
1 
+ 
1 
+ 
1 


RE 
6.23 Zl 
- 
RSl 
6.23 Z2 - 
RS2 
6.23 Z3 - 
TS3 


(4-13) 


Circuits 
with multiple 
outputs 
(such as the F1 00112) 
provide 


an 
alternate 
means 
of driving 
several 
lines 
simultaneous 


(Figure 
4-8c). 
Note, each output 
should 
be treated 
individu- 
ally when assiging 
load distribution, 
line impedance, 
and RE 


value. 


Lines 
can 
be used without 
series 
or parallel 
termination 
if 


the line delay is short compared 
to the signal rise time. Ring- 


ing occurs 
because 
the 
reflection 
coefficient 
at the 
open 


(receiving) 
end of the line is positive 
(nominally 
+ 1) while 


the reflection 
coefficient 
at the driving 
end is negative 
(ap- 
proximately 
-0.8). 
These 
opposite 
polarity 
reflection 
coeffi- 
cients 
cause 
any change 
in signal 
voltage 
to be reflected 


back and forth, with a polarity 
change 
each time the signal is 


reflected 
from the driver. 
Net voltage 
change 
on the line is 


thus 
a succession 
of 
increments 
with 
alternating 
polarity 


and decreasing 
magnitude. 
The algebraic 
sum of these 
in- 
crements 
if the observed 
ringing. 
The general 
relationships 


among 
rise time, 
line delay, 
overshoot 
and undershoot 
are 


discussed 
in Chapter 
3, using simple 
waveforms 
for clarity. 


Excessive 
overshoot 
on the positive-going 
edge of the sig- 


nal 
drives 
input 
transistors 
into 
saturation. 
Although 
this 


does 
not 
damage 
an ECl 
input, 
it does 
cause 
excessive 


recovery 
times 
and 
makes 
propagation 
delays 
unpredict- 
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a. Noise Margin 
Loss Due to Load Input Current 
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b. Driving Several 
Lines from one Output 


TL/F/9901-1S 


c. Using Multiple 
Output 
Element 
for Load Sharing 


FIGURE 
4-8. Loading 
Considerations 
for Series Termination 


able. Undershoot 
(following 
the overshoot) 
must also be lim- 


ited to prevent 
signal excursions 
into the threshold 
region of 


the loads. 
Such 
excursions 
could 
cause 
exaggerated 
tran- 


sition 
times 
at the 
driven 
circuit 
outputs, 
and 
could 
also 


cause multiple 
triggering 
of sequential 
circuits. 
Signal swing, 


exclusive 
of ringing, 
is slightly 
greater 
on unterminated 
lines 


that on parallel terminated 
lines; IOH is less and IOL is great- 


er with the RE load, (Figure 
4-9a) 
making 
VOH higher 
and 


VOL lower. 


For worst case combinations 
of driver output 
and load input 


characteristics, 
a 35% 
overshoot 
limit insures 
that 
system 


speed 
is not compromised 
either 
by saturating 
an input on 


overshoot 
or extending 
into the threshold 
region 
on the fol- 


lowing 
undershoot. 


For distributed 
loading, 
ringing 
is satisfactorily 
controlled 
if 


the 2-way 
modified 
line delay 
does 
not exceed 
the 20% 
to 


80% 
rise time of the driver output. 
This relationship 
can be 


expressed 
as follows, 
using the symbols 
from Chapter 
3 and 


incorporating 
the effects 
of load capacitance 
on line delay. 


tr = 2T' = 218' = 218~1 
+ 
CL 
1Co 


Solving 
this expression 
for the line length 
(I 
): 


- 
1 ~(CLr 
err 
CL 
1 
-- 
- 
+ 
- 
-- 
max 
2 
Co 
8 
2Co 


TL/F/9901-17 
b. Line Voltages 
Showing 
Stair-step 
Trailing 
Edges 


c. Load 
Gate Output 
Showing 
Net 
Propagation 
Increase 
for Increasing 
Vaiues 
of RE: 3300, 
5100, 
1 kO 


FIGURE 
4-9. Effect 
on RE Vaiue 
on Trailing-Edge 
Propagation 


The 
shorter 
the 
rise time, 
the 
shorter 
the 
premissible 
line 
length. 
For F1 OOK ECl, the minimum 
rise time from 20% to 
80% 
is specified 
as 0.5 ns. Using this rise time and 2 pF per 
fan-out 
load, 
calculated 
maximum 
line 
lengths 
for 
G-10 
epoxy 
microstrip 
are listed 
in Figure 
4-10a. 
The length (t) 
in the table 
is the distance 
from the terminating 
resistor 
to 
the 
input 
of the 
device(s). 
For 
F100K 
ECl the 
case 
de- 
scribed 
in Figure 
4-10a 
is the only one calculated, 
since all 
other 
combinations 
are approximately 
the same. 
For other 
combinations 
of rise time, impedance, 
fan-out 
or line char- 


also uSing 1UK t:l.,;L, maximum 
recommenaea 
tengms 
or un- 
terminated 
lines are listed in Figure 
4-10b 
to 4-10e. 


Zo 
Number 
of Fan-Out 
Loads 


1 
2 
3 
4 


50 
1.37' 
1.13 
0.95 
0.81 


62 
1.33 
1.07 
0.87 
0.70 


75 
1.25 
0.95 
0.75 
0.61 


90 
1.18 
0.85 
0.66 
0.53 


100 
1.15 
0.82 
0.61 
0.49 


FIGURE 
4-10a. F100K 
Maximum 
Worst-Case 
Line Lengths 
for Unterminated 
Microstrip, 
Distributed 
Loading 


Zo 
Number 
of Fan-Out 
Loads 


2 
3 
4 
6 
8 


50 
4.15' 
3.75 
3.45 
2.85 
2.45 


62 
3.95 
3.50 
3.15 
2.55 
2.10 


75 
3.75 
3.25 
2.85 
2.25 
1.85 


90 
3.55 
3.00 
2.60 
2.00 
1.60 


100 
3.45 
2.85 
2.45 
1.85 
1.45 


• Length in inches. 
Unit load ~ 3 pF, S ~ 0.' 48 ns/in. 


FIGURE 
4-10b. 
10K Maximum 
Worst-Case 
Line Lengths 
for Unterminated 
Microstrip, 
Distributed 
Loading 


Zo 
Number 
of Fan-Out 
Loads 


1 
2 
4 
6 
8 


50 
4.40' 
3.65 
2.60 
1.90 
1.40 


62 
4.30 
3.45 
2.30 
1.60 
1.15 


75 
4.20 
3.20 
2.05 
1.40 
0.95 
90 
4.05 
2.95 
1.75 
1.05 
0.65 
100 
3.90 
2.80 
1.60 
0.90 
0.50 


• Length in inches. 
Unit load = 3 pF, 0 = 0.148 ns/in. 


FIGURE 
4-10c. 
10K Maximum 
Worst-Case 
Line Lengths 
for Unterminated 
Microstrip, 
Concentrated 
Loading 


Zo 
Number 
of Fan-Out 
Loads 


2 
3 
4 
6 
8 


50 
3.30' 
3.00 
2.70 
2.25 
2.90 
62 
3.15 
2.80 
2.50 
2.00 
1.65 


75 
3.00 
2.60 
2.25 
1.80 
1.45 


90 
2.80 
2.40 
2.05 
1.55 
1.25 


·Length in inches. 
Unit load = 3 pF, B = 0.188 ns/in. 


FIGURE 
4-10d. 
10K Maximum 
Worst-Case 
Line Lengths 
for Unterminated 
Stripline, 
Distributed 
Loading 
,. 


Zo 
Number 
of Fan-Out 
Loads 


1 
2 
4 
6 
8 


50 
3.45' 
2.85 
2.00 
1.50 
1.10 


62 
3.40 
2.70 
1.80 
1.30 
0.90 


75 
3.30 
2.55 
1.60 
1.10 
0.75 


90 
3.15 
2.35 
1.40 
0.85 
0.50 


100 
3.10 
2.20 
1.25 
0.70 
0.40 


• Length 
in inches. 
Unit load ~ 3 pF, 6 ~ 0.188 ns/in. 


FIGURE 
4-10e. 
10K Maximum 
Worst- 
Case Line Lengths 
for Untermlnated 
Strlpllne, 
Concentrated 
Loading 


A load capacitance 
concentrated 
at the end of the line re- 
stricts 
line length 
more than 
a distributed 
load does. 
Maxi- 


mum 
recommended 
lengths 
for fiberglass 
epoxy 
dielectric 


and a 0.5 ns rise time are listed in Figure 4-10for 
microstrip. 


For line impedances 
not listed, 
linear 
interpolation 
can be 


used to determine 
appropriate 
line lengths. 
Appropriate 
line 


lengths 
for dielectric 
materials 
with a different 
propagation 


constant 
I) can be determined 
by multiplying 
the listed val- 


ues by the fiberglass 
epoxy 
I) and then dividing 
by the I) of 


the other 
material. 
For example, 
a line length for a material 


which 
has a microstrip 
I) of 0.1 
ns/inch 
is determined 
by 
multiplying 
the 
length 
given 
in the 
micros trip table 
(for 
a 


desired 
impedance 
and load) by 0.148 and dividing 
by 0.1. 


Resistor 
RE must provide 
the current 
for the negative-going 


signal at the driver output. 
Line input and output 
waveforms 


are noticeably 
affected 
if RE is too large, as shown 
in Figure 


4-9b. 
The 
negative-going 
edge 
of the 
signal 
falls 
in stair- 


step fashion, 
with three 
distinct 
steps visible at point A. The 


waveform 
at point B shows a step in the middle of the nega- 
tive-going 
swing. 
The effect 
of different 
RE values 
on the 


net propagation 
time through 
the line and the driven loads is 


evident 
in Figure 4-9c which 
shows 
the output 
signal of one 


driven gate in a multiple 
exposure 
photograph. 
The horizon- 


tal sweep 
(time axis) was held constant 
with respect 
to the 


input 
signal 
of the driver. 
The 
earliest 
of the three 
output 


signals 
occurs 
with an RE value 
of 3300. 
Changing 
RE to 


5100 
increases 
the 
net propagation 
delay 
by 0.3 ns, the 


horizontal 
offset 
between 
the 
first 
and 
second 
signals. 
Changing 
RE to 1 kO produces 
a much greater 
increase 
in 


net 
propagation 
delay, 
indicating 
that 
the 
negative-going 


signal at B contains 
several 
steps. 
In practice, 
a satisfactory 


negative-going 
signal 
results 
when 
the RE value 
is chosen 


to give an initial 
negative-going 
step of 0.6V at the driving 


end of the line. This gives an upper limit on the value of RE' 
as shown 
in Equation 
4-15. 


initial step = t:.f • Zo = (VOH - 
VEE) Zo ;;, 0.6 
RE +Zo 


RE = S; 6.25 Zo 
(4-15) 


An ECl 
output 
can drive 
two 
or more 
unterminated 
lines, 


provided 
each line length 
and loading 
combination 
is within 


the recommended 
constraints. 
The appropriate 
RE value 
is 


determined 
from 
Equation 
4-15, 
using 
the 
parallel 
imped- 


ance of the two or more lines for Zo0 


An ECl 
output 
can simultaneously 
drive terminated 
and un- 


terminated 
lines, 
although 
the 
negative-going 
edge 
of the 


signal shows 
two or more distinct 
steps when the stubs are 


long unless some extra pull-down 
current 
is provided. 
Figure 


4-118 
shows 
an 
ECl 
circuit 
driving 
a parallel 
terminated 


line, with 
provision 
for connecting 
two worst-case 
untermi- 


nated 
lines to the driver output. 
Waveforms 
at the termina- 


tion 
resistor 
(point 
A) are shown 
in the 
multiple 
exposure 


photograph 
of Figure 
4-11b. 
The upper 
trace 
shows 
a nor- 


mal signal without 
stubs connected 
to the driver. The middle 


trace shows 
the effect 
of connecting 
one stub to the driver. 


The step in the negative-going 
edge 
indicates 
that the qui- 


escent 
IOH current 
through 
RT is not sufficient 
to cause 
a 


full signal for both lines. The relationship 
between 
the quies- 


cent 
IOH current 
through 
RT and the negative-going 
signal 


swing was discussed 
earlier 
in connection 
with parallel 
ter- 


mination. 


The bottom 
trace 
in Figure 
4-11 
shows 
the 
effect 
of con- 


necting 
two stubs 
to the driver 
output. 
The steps 
in trailing 


edge 
are smaller 
and 
more 
pronounced. 
The 
deteriorated 


trailing edge of either the middle or lower waveform 
increas- 


c. Equivalent 
Circuit 
for Determining 
Initial 


Negative 
Voltage 
Step at the Driver 
Output 


FIGURE 
4-11. Driving 
Terminated 
and Untermlnated 
Lines 
In Parallel 


Unterminated 
Lines (Continued) 


es the switching time of the cirucit connected to point A. If 
this extra delay cannot be tolerated, additional pull-down 
current must be provided. One method uses a resistor to 
VEEas suggested in Figure 4-11a. The initial negative-going 
step at point A should be about 0.7V to insure a good fall 
rate through the threshold region of the driven gate. The 
initial step at the driver output should also be 0.7V. If the 
driver output is treated as a switch that opens to initiate the 
negative-going signal, the equivalent circuit of Figure 4-11c 
can be used to determine the initial voltage step at the driv- 
er output (point X). The value of the current source IRTis the 
quiescent IOH current through RT. Using Z' to denote the 
parallel impedance of the transmission lines and A V for the 
desired voltage step at X, the appropriate value of RE can 
be determined from the following equation, using absolute 
values to avoid polarity confusion. 


RE = (IVEEI - 
[voHI- 
AVI) 
• (IAVI 
~'IIRTIZ') 


For a sample calculation, assume that RT and the line im- 
pedances are each 1000, VOHis -0.955V, 
A V is 0.750V, 
VEEis -4.5V and Vn is -2V. 'RTis thus 10.45 mA and the 
calculated value of RE is 2320. In practice, this value is on 
the conservative side and can be increased to the next larg- 
er (10%) standard value with no appreciable sacrifice in 
propagation through the gate at point A. 


Again, the foregoing example is based on worst-case stub 
lengths (the longest permissible). With shorter stubs, the 
effects are less pronounced and a point is reached where 
extra pull-down current is not required because the reflec- 
tion from the end of the stub arrives back at the driver while 
the original signal is still falling. Since the reflection is also 
negative going, it combines with and reinforces the falling 
signal at the driver, eliminating the steps. The net result is a 
smoothly falling signal but with increased fall time compared 
to the stubless condition. 
The many combinations of line impedance and load make it 
practically impossible to define just with stub length begins 
to cause noticeable steps in the falling signal. A rough rule- 
of-thumb would be to limit the stub length to one-third of the 
values given in Figure 4-10. 


Data Bussing 
Data bussing involves connecting two or more outputs and 
one or more inputs to the same signal line, (Figure 4-12). 
Anyone of the several drivers can be enabled and can ap- 
ply data to the line. Load inputs connected to the line thus 
receive data from the selected source. This method of 
steering data from place to place simplifies wiring and tends 
to minimize package count. Only one of the drivers can be 
enabled at a given time; all other driver outputs must be in 
the LOW state. Termination resistors matching the line im- 
pedance are connected to both ends of the line to prevent 
reflections. For calculating the modified delay of the line 
(Chapler 3) the capacitance of a LOW (unselected) driver 
output should be taken as 2 pF. 


An output driving the line sees an impedance equal to half 
the line impedance. Similarly, the quiescent IOHcurrent is 
higher than with a single termination. For line impedance 
less than 1000, the IOH current is greater than the data 
sheet test value, with a consequent reduction of HIGH-state 
noise margin. This loss can be eliminated if necessary by 
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FIGURE 
4-12. Data Bus or Party Line 


using multiple output gates (F100112) and paralleling two 
outputs for each driver. In the quiescent LOW state, termi- 
nation current is shared among all the output transistors on 
the line. This sharing makes VOL more positive than if only 
one output were conducting all of the current. For example, 
a 1000 line terminated at both ends represents a net 500 
DC load, which is the same as the data sheet condition for 
VOL. If one worst-case output were conducting all the cur- 
rent, the VOL would be -1.705V. 
If another output with 
identical DC characteristics shares the load current equally, 
the VOLlevel shifts upward by about 25 mY. Connecting two 
additional outputs for a total of four with the same charac- 
teristics shifts VOLupward another 22 mY. Connecting four 
more identical outputs shifts VOL upward another 20 mY. 
Thus the VOL shift for eight outputs having identical worst- 
case VOL characteristics is approximately 67 mY. In prac- 
tice, the probability of having eight circuits with worst-case 
VOLcharacteristics is quite low. The output with the highest 
VOL tends to conduct most of the current. This limits the 
upward shift to much less than the theoretical worst-case 
value. In addition, the LOW-state noise margin is specified 
greater than the HIGH-state margin to allow for VOL shift 
when outputs are paralleled. 


In some instances a single termination is satisfactory for a 
data bus, provided certain conditions are fulfilled. The single 
termination is connected in the middle of the line. This re- 
quires that for each half of the line, from the termination to 
the end, the line length and loading must comply with the 
same restrictions as unterminated lines to limit overshoot 
and undershoot to 
acceptable 
levels. The termination 


should be connected as near as possible to the electrical 
mid-point of the line, in terms of the modified line delay from 
the termination to either end. Another restriction is that the 
time between successive transitions, I.e., the nominal bit 
time, should not be less than 15 ns. This allows time for the 
major reflections to damp out and limits additive reflections 
to a minor level. 


Wired-OR 
In general-purpose wired-OR logic connections, where two 
or more driver outputs are expected to be in the HIGH state 
simultaneously, it is important to minimize the line length 
between the participating driver outputs, and to place the 
termination as close as possible to the mid-point between 
the two most widely separated sources. This minimizes the 
negative-going disturbances which occur when one HIGH 
output turns off while other outputs remain HIGH. The driver 
output going off represents a sudden decrease in line cur- 
rent, which in turn generates a negative-going voltage on 
the line. A finite time is required for the other driver outputs 
(quiescently HIGH) to supply the extra current. The net re- ,. 


Wired-OR 
(Continued) 


suit is a "V" 
shaped 
negative 
glitch 
whose 
amplitude 
and 
duration 
depend 
on three 
factors: 
current 
that the off-going 
output 
was 
conducting, 
the 
line 
impedance, 
and 
the 
line 
length 
between 
outputs. 
If the separation 
between 
outputs 
is kept within 
about 
one 
inch, the transient 
will not propa- 
gate through 
the driven 
load circuits. 


If a wired-OR 
connection 
cannot 
be short, 
it may be neces- 
sary to design 
the logic so that the signal on the line is not 
sampled 
for some time after the normal 
propagation 
delay 
(output 
going negative) 
of the element 
being switched. 
Nor- 
mal propagation 
delay is defined 
as the case where the ele- 
ment being switched 
is the only one on the line in the HIGH 
state, 
resulting 
in the 
line 
going 
LOW 
when 
the 
element 
switches. 
In this case, 
the 
propagation 
delay 
is measured 
from the 50% 
point on the input signal of the off-going 
ele- 
ment 
to the 
50% 
point 
of the 
signal 
at the 
input 
farthest 
away from the output 
being switched. 
The extra wiring time 
required 
in the 
case 
of a severe 
negative 
glitch 
is, in a 
worst-case 
physical 
arrangement, 
twice 
the 
line delay 
be- 
tween 
the 
off-going 
output 
and 
the 
nearest 
quiescently 
HIGH output, 
plus 2 ns. 


An idea of how the extra 
waiting 
time varies 
with 
physical 
arrangement 
can be obtained 
by qualitatively 
comparing 
the 
signal 
paths 
in Figure 
4-13. 
With 
the 
outputs 
at A and 
B 
quiescently 
H IGH, the duration 
of the transient 
observed 
at 
C is longer 
if B is the off-going 
output than if A is the off-go- 
ing element. 
This 
is because 
the 
negative-going 
voltage 
generated 
at B must travel 
to A, whereupon 
the corrective 
signal 
is generated, 
which 
subsequently 
propagates 
back 
toward 
C. Thus the corrective 
signal 
lags behind 
the initial 
transient, 
as observed 
at C, by twice the line delay between 
A and B. On the other hand, if the output 
at A generates 
the 
negative-going 
transient, 
the 
corrective 
response 
starts 


when the transient 
reaches 
point B. Consequently, 
the tran- 
sient 
duration 
observed 
at C is shorter 
by twice 
the 
line 
delay from A to B. 
¢ 
¢ 
rr 
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TlIF/9901-23 
FIGURE 
4·13. Relative 
to Wlred·OR 
Propagation 


Backplane Interconnections 


Several 
types of interconnections 
can be used to transmit 
a 
signal 
between 
logic boards. 
The factors 
to be considered 
when selecting 
a particular 
interconnection 
for a given appli- 
cation 
are cost, 
impedance 
discontinuities, 
predictability 
of 
propagation 
delay, 
noise 
environment, 
and bandwidth. 
Sin- 
gle-ended 
transmission 
over 
an ordinary 
wire 
is the 
most 
economical 
but 
has the 
least 
predictable 
impedance 
and 
propagation 
delay. At the opposite 
end of the scale, coaxial 
cable 
is the most costly 
but has the best electrical 
charac- 
teristics. 
Twisted 
pair and similar 
parallel 
wire interconnec- 
tion cost and quality fall in between. 


For 
single-wire 
transmission 
through 
the 
backplane, 
a 
ground 
plane 
or ground 
screen 
(Chapter 
5) should 
be pro- 
vided 
to establish 
a controlled 
impedance. 
A wire 
over 
a 
ground 
plane 
or screen 
has a typical 
impedance 
of 1500 
with variations 
on the order of 
±33%, 
depending 
primarily 
on the distance 
from 
ground 
and the 
configuration 
of the 
ground. 
Figure 4-14 illustrates 
the effects 
of impedance 
vari- 
ations 
with a 15-inch 
wire parallel 
terminated 
with 
1500 
to 
-2V. 
Figure 
4-14b 
shows 
source 
and receiver 
waveforms 
when the wire is in contact 
with a continuous 
ground 
plane. 


TlIF/9901-25 
b. Wire 
In Contact 
with 
Ground 
Plane 
c. Wire Spaced 
'!a" from 
Ground 
Screen 


FIGURE 
4-14. Parallel 
Terminated 
Backplane 
Wire 


Backplane Interconnections 
(Continued) 


The negative-going 
signal at the source shows 
an initial step 


of only 80% 
of a full signal swing. This occurs 
because 
the 


quiescent 
HIGH-state 
current 
IOH (about 7 mAl multiplied 
by 


the impedance 
of the wire (approximately 
900) 
is less than 


the normal 
signal swing, and this condition 
allows the driver 


emitter 
follower 
to turn off. The negative-going 
signal at the 


receiving 
end is greater 
by 25% (1 + P = 1.25). The receiv- 
ing end mismatch 
causes 
a negative-going 
reflection 
which 


returns 
to the 
source 
and 
establishes 
the 
VOL 
level. 
The 


positive-going 
signal 
at the 
source 
shows 
a normal 
signal 


swing, 
with the receiving 
end exhibiting 
approximately 
25% 
overshoot. 


Figure 
4-14c 
shows 
waveforms 
for a similar 
arrangement, 
but with the wire about 'Ie inch from 
a ground 
screen. 
The 


impedance 
of the wire is greater 
than 1500 
termination, 
but 


small variations 
in impedance 
along the wire cause 
interme- 
diate 
reflections 
which 
tend 
to 
lengthen 
the 
rise and 
fall 


times of the signal. As a result, the received 
signal does not 


exhibit 
pronounced 
changes 
in slope as would 
be expected 


if a 2000 
constant 
impedance 
line were 
terminated 
with 


1500. 


Series 
source 
resistance 
can also be used with single 
wire 


interconnections 
to absorb 
reflection. 
Figure 4-158 shows 
a 


16-inch 
wire with a ground 
screen 
driven 
through 
a source 


resistance 
of 
1000. 
The 
waveforms 
(Figure 
4-15b) 
show 


that although 
reflections 
are generated, 
they are largely ab- 


sorbed 
by the series 
resistor, 
and the signal received 
at the 


load exhibits 
only slight changes 
and overshoot. 
Series 
ter- 


mination 
techniques 
can also be used when 
the signal 
into 


the wire comes 
from the PC board transmission 
line. Figure 


4-168 
illustrates 
a 12-inch 
wire over a ground 
screen, 
with 


12-inch 
microstrip 
lines at either end of the wire. The output 


is heavily 
loaded 
(fan-out 
of 8) and the combination 
of im- 


pedances 
produces 
a variety 
of reflections 
at the input 
to 


the first microstrip 
line, shown 
in the upper 
trace 
of Figure 


4-16b. The lower trace shows the final output; 
a comparison 


between 
the two traces 
shows the effectiveness 
of damping 


in maintaining 
an acceptable 
signal 
at the 
output. 
Figure 


4-16c 
shows 
the signals 
at the input to the driving gate and 


at the output 
of the load gate, with a net through-put 
time of 


8.5 ns. The circuit 
in Figure 
4-168 
is a case of mismatched 


transmission 
lines, discussed 
in Chapter 
3. 


Signal 
propagation 
along 
a single 
wire tends 
to be fast be- 


cause 
the dielectric 
medium 
is mostly 
air. However, 
imped- 


ance variations 
along 
a wire cause 
intermediate 
reflections 
which 
tend 
to 
increase 
rise and 
fall 
times, 
effectively 
in- 


creasing 
propagation 
delay. 
Effective 
propagation 
delays 


are 
in the 
range 
of 
1.5 to 2.0 
ns per foot 
of wire. 
Load 


capacitance 
at the receiving 
end also increases 
rise and fall 
time 
(Chapter 
3), further 
increasing 
the effective 
propaga- 


tion delay. 


H = 10 nsJdiv 
V = 0.3 V/div 


TLIF/9901-28 


b. Series Terminated 
Waveform 


FIGURE 4·15. Series Terminated 
Backplane 
Wire 
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a. Backplane 
Wire 
Interconnecting 
PC Board 
Lines 


TL/F/9901-30 


b. Signals 
into 
the First 
Microstrip 
and at the Loads 


Tl/F/9901-31 


c. Input 
to Driving 
Gate and Output 
of Load 
Gate 


FIGURE 
4-16. Signal 
Path with 
Sequence 
of Microstrip, 
Wire, 
Microstrip 


Better control 
of line impedance 
and faster 
propagation 
can 


be achieved 
with a twisted 
pair. A twisted 
pair of AWG 
26 


Teflon' 
insulated 
wires, two twists 
per inch, exhibits 
a prop- 


agation 
delay 
of 
1.33 
nslft 
and 
an impedance 
of 
1150. 
Twisted 
pair lines are available 
in a variety 
of sizes, imped- 


ances 
and multiple-pair 
cables. 
Figure 
4-17a 
illustrates 
sin- 


-Teflon 
is a registered 
trademark 
of E.!. du Pont de Nemours Conpany. 
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b. Differential 
Transmission 
Reception 


VEE 
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Tl/F/9901-34 


c. Backplane 
Data Bus 


FIGURE 
4-17. Twisted 
Pair Connections 


gle-ended 
driving 
and 
receiving. 
In addition 
to 
improved 


propagation 
velocity, 
the magnetic 
fields of the two conduc- 


tors tend to cancel, 
minimizing 
noise coupled 
into adjacent 
wiring. 


Differential 
line driving 
and receiving 
complementary 
gates 
as the driver 
and an F1 00114 
line receiver 
is illustrated 
in 


Figure 
4-17b. 
Differential 
operation 
provides 
high noise 
im- 


munity, 
since 
common 
mode 
input 
voltages 
between 


-0.55V 
and 
-3.0V 
are rejected. 
The differential 
mode 
is 
recommended 
for communication 
between 
different 
parts of 
a system, 
because 
it effectively 
nullifies 
ground 
voltage 
dif- 


ferences. 
For long runs between 
cabinets 
or near high pow- 


er transients, 
interconnections 
using 
shielded 
twisted 
pair 


are recommended. 


Twisted 
pair lines can be used to implement 
party line type 


data transfer 
in the backplane, 
as indicated 
in Figure 
4-17c. 


Only one driver should 
be enabled 
at a given time; the other 


outputs 
must be in the VOL state. 
The VBB reference 
volt- 


age is available 
on pin 22 of the flatpak 
and pin 19 of the 


dual-in-Iine 
package 
for the F100114. 


In the 
differential 
mode, 
a twisted 
pair can 
send 
high-fre- 


quency 
symmetrical 
signals, 
such 
as 
clock 
pulses, 
of 


100 MHz over distances 
of 50 to 100 feet. For random 
data, 


however, 
bit rate capability 
is reduced 
by a factor 
of four or 
five due to line rise effects 
on time jitter.3 


Backplane Interconnections 
(Continued) 


Coaxial 
cable offers 
the highest 
frequency 
capability. 
In ad- 


dition, 
the outer 
conductor 
acts 
as a shield 
against 
noise, 


while 
the uniformity 
of characteristics 
simplifies 
the task of 
matching 
time delays 
between 
different 
parts of the system. 


In the single-ended 
mode, Figure 4-18a, 50 MHz signals can 


be transferred 
over distances 
of 100 feet. 
For 100 MHz op- 


eration, 
lengths 
should 
be 50 feet or less. In the differential 


mode, Figures 
4-18b, 
c, the line receiver 
can recover 
small- 


er signals, 
allowing 
100 MHz signals 
to be transferred 
up to 


100 feet. The dual cable 
arrangement 
of Figure 
4-18c 
pro- 


vides maximum 
noise immunity. 
The delay of coaxial 
cables 


depends 
on the type of dielectric 
material, 
with typical 
de- 


lays of 1.52 nslft 
for polyethylene 
and 1.36 nslft for cellular 


polyethylene. 
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b. Differential 
Coaxial 
Transmission 


VTT 


TL/F/9901-37 
c. Differential 
Transmission 
with Grounded 
Shields 


FIGURE 
4-18. Coaxial 
Cable Connections 
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Chapter 5 
Power Distribution and Thermal Considerations 


High-speed 
circuits 
generally 
consume 
more 
power 
than 
similar 
low-speed 
circuits. 
At the system 
level, this 
means 
that 
the power 
supply 
distribution 
system 
must 
handle 
the 
larger 
current 
flow; 
the 
larger 
power 
dissipation 
places 
a 
greater 
demand 
on the cooling 
system. 
The direct 
current 
(DC) voltage 
drop along 
ground 
busses 
affects 
noise 
mar- 
gins for all types 
of ECl 
circuits. 
Voltage 
drops 
along 
VEE 
busses 
have only a slight effect 
on F100K 
circuits, 
but they 
require 
consideration 
to obtain 
the 
performance 
available 
from the family. 


Logic Circuit Ground, VCC 


The positive 
potential 
Vee 
and VeeA in ECl 
circuits 
is the 
reference 
voltage 
for output 
voltages 
and input thresholds 
and 
should 
therefore 
be the 
ground 
potential. 
When 
two 
circuits 
are connected 
in a single-ended 
mode, 
any differ- 
ence 
in ground 
potentials 
decreases 
the noise 
margins, 
as 
discussed 
in Chapter 
1. This effect 
for TIl/DTl 
circuits, 
as 
well as for ECl 
circuits, 
is illustrated 
in Figure 
5-1. The fol- 
lowing 
analysis 
assumes 
some 
average 
value 
of current 
flowing 
through 
the distributed 
resistance 
along the ground 
path between 
two circuits. 
For the indicated 
direction 
of IG, 
the shift in ground 
potential 
decreases 
the lOW-state 
noise 
margin 
of the TILlDTl 
circuits 
and the 
HIGH-state 
noise 
margin 
of the 
ECl 
circuits. 
If IG is flowing 
in the opposite 
direction, 
it increases 
these 
noise 
margins, 
but decreases 
the 
noise 
margins 
when 
the 
drivers 
are 
in the 
opposite 
state. 
For tabulation 
of ground 
currents 
in ECl, 
the designs 
must 
include 
termination 
currents 
as well as lEE operating 
currents. 
ECl 
logic boards 
which 
use microstrip 
or stripline 
techniques 
generally 
have large areas of ground 
metal. This 
causes 
the ground 
resistance 
to be quite low and thus mini- 
mizes 
noise 
margin 
loss 
between 
pairs 
of circuits 
on the 
same 
board. 
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FIGURE 
5·1. Effect 
of Ground 
Resistance 
on Noise 
Margins 


In practice, 
two communicating 
circuits 
might be located 
on 
widely 
separated 
PC cards with other 
PC cards in between. 


The net resistance 
then includes 
the incremental 
resistance 
of the ground 
distribution 
bus from 
card 
to card, 
while 
the 
ground 
current 
is successively 
increased 
by the contribution 
from each card. Figure 5-2 illustrates 
a distribution 
bus for a 
row of cards with incremental 
resistances 
along the bus. 
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CARD 
2 
3 
J 
k. 
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POSITION 


r = Incremental 
Bus Resistance 
between Positions 
i = Average Ground Current per Card 


FIGURE 
5·2. Ground 
Shift 
Along 
a Row of PC Cards 


The ground 
shift 
can be estimated 
by first 
determining 
an 
average 
value 
of current 
per card based 
on the number 
of 
packages, 
the 
mix of 551 and 
MSI, and 
the 
number 
and 
types 
of terminations. 
With n cards 
in the row, an average 
ground 
current 
(i) per card, 
and an incremental 
bus resist· 


ance 
(r) between 
card positions, 
the bus voltage 
drops 
be· 


tween 
the various 
positions 
can be determined 
as follows: 


between 
positions 
1 and 2: v1-2 
= (n - 
1) ir 


between 
positions 
1 and 3: v1-3 
= (n - 
1) ir + 


(n - 
2) ir 


between 
positions 
1 and 4: v1-4 
= (n - 
1) ir + 


(n - 
2)ir + 


(n - 
3)ir 


between 
1 and n: 
v1-n 
= 
ir I(n 
- 
1) + 
(n - 
2) + (n - 
3) 
+ ... + [n - 
(n - 
1)) I 


= ir [1 + 2 + 3 
+ ... + (n - 
1)) 
n-1 


v1-n=irL.n 


1 
For a row of 15 cards, 
for example, 
the total 
ground 
shift 
between 
positions 
1 and 15 is expressed 
as in Equation 
5-1. 


14 


v1-15 
= ir L. 
n = ir (1 + 2 + 3 + ... + 13 + 14) 
1 
(5-1) 


= 
105 ir 


Vj_k 
= (n - 
j) ir + [n - 
G + 1)1 ir + 


[n - 
G + 2» ir 


+ ... + (n - 
[j + (k-j-1» I ir 


= (k - 
j) nir - 
ir(j 
+ G + 1) + G + 2) 
(5-2) 


+ ... + [j + (k-j-1)]) 
k-1 
k-1 


Vj_k = (k - 
j) nir - 
irI n = ir [(k - 
j) n - I n] 


j 
j 


In a row of 15 cards, the ground 
shift between 
positions 
four 


and nine, for example, 
is determined 
as follows. 


Vj_k = ir [(9 - 
4) 15 - 
(4 + 5 + 6 + 7 + 8» 
(5-3) 


= ir (75 - 
30) = 45 ir 


The 
ground 
shift 
between 
the 
same 
number 
of positions 


further 
down the row is less because 
of the decreasing 
cur- 
rent along the row. Consider 
the ground 
shift between 
card 


positions 
10 and 15. 


v10-15 = ir [(15 - 
10)15 
- 


(10 + 11 + 12 + 13 + 14» 
(5-4) 


= ir(75 
- 
60) = 15ir 


These 
examples 
illustrate 
several 
principles 
the 
designer 


should 
consider 
regarding 
the ground 
distribution 
bus and 


assignment 
of card positions. 
The bus resistance 
should 
be 


kept as low as possible 
by making the cross-sectional 
areas 


as large as practical. 
Logic cards which 
represent 
the heavi- 


est current 
drain 
should 
be located 
nearest 
the end where 


ground 
comes 
into the row of cards. Cards with single-end- 
ed logic wiring 
between 
them 
should 
be assigned 
to posi- 
tions 
as 
close 
together 
as 
possible. 
Conversely, 
if 
the 


ground 
shift 
between 
two card positions 
represents 
an un- 


acceptable 
loss of noise margin, 
then the differential 
trans- 
mission 
and 
reception 
method 
I.e., twisted 
pair, should 
be 


used 
for 
logic 
wiring 
between 
them. 
thereby 
eliminating 


ground 
shift as a noise 
margin factor. 


Conductor 
Resistances 


Conductors 
with large cross-sectional 
areas are required 
to 


maintain 
low voltage 
drops along power busses. 
For conve- 


cross-sectional 
area 
for 
more 
common 
sizes 
of annealed 


copper 
wire. 
Other 
characteristics 
and 
a complete 
list of 


~i~~b~~s"i;c~e~s~, 
inr~~ist~~crle 
\Ala~Jbl~~~ 
wthl~~~~rY 
Ilthi}~ 


gauge 
number; 
e.g .• the resistance 
per foot of # 10 wire is 


1 mO. for # 13 wire it is 2 mO. Similarly. 
the resistance 
per 


cating 
the 
resistance 
between 
opposing 
faces 
of a 1 cm 


cube. 
The 
sheet 
resistance 
of a conductor 
is obtained 
by 


dividing 
the 
resistivity 
by the 
conductor 
thickness. 
These 


IQIQ.~IVllwlll""w 
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#6 
0.395 
2.062 x 10-2 
#10 
0.999 
8.155 x 10-3 


#12 
1.588 
5.129 x 10-3 


#18 
6.385 
1.276 x 10-3 


#22 
16.14 
5.046 x 10-4 


#26 
40.81 
1.996 x 10-4 


#30 
103.2 
7.894 x 10-5 


FIGURE 5-3. Resistance 
and Cross-Sectional 
Area 


of Several 
Sizes of Annealed 
Copper 
Wire 


Copper 
resistivity = p = 1.724 
X 10 - 6 Ocm 
@ 20·C 


. 
I 
I 
Resistance 
of a conductor 
= p A = Pt;; 


where: 
I = length 
t = thickness 
w = width 


. 
P 
I 
Sheet resistance 
PS = - 0 per- 
t 
w 


The length/width 
ratio (I/w) 
is dimensionless; 
therefore. 
the 


resistance 
of a length of conductor 
of uniform 
thickness 
can 


be calculated 
by first determining 
the number 
of "squares." 


then 
multiplying 
by the 
sheet 
resistance. 
For 
example. 
a 


conductor 
one-eighth 
inch wide 
and three 
inches 
long has 


24 squares; 
its resistance 
is 24 times 
the sheet 
resistance. 


Since 
many thickness 
dimensions 
are given 
in inches, 
it is 


convenient 
to express 
the resistivity 
in ohm-inch. 
as follows. 


p(Oin.) = p(Ocm) 
"" 2.54 = 6.788 x 10-7 
Oin. 


The use of sheet 
resistance 
and the "squares" 
concept 
is 


illustrated 
by calculating 
the 
resistance 
of the 
conductor 


shown 
in Figure 
5-4. Assume 
the conductor 
is a 1 oz. cop- 


per cladding 
with a 0.0012 
inch minimum 
thickness 
on a PC 


card. 


...i.. 
1,=2" 
12='" 
13='.S-...i.. 


w,.1I4·I_R1_;~ 
: 
T I 
~""--'R3----+-;W2.1/2· 


• 
R TOTAL 
.1 T 
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FIGURE 
5-4. Conductor 
of Uniform 
Thickness 
but Non-Uniform 
Cross Section 


Sheet resistance 
= PS = et 
= 5.657 
X 10 -40 per square 


11 
S1 =-= 
8 
IUW~ ••••. 


12 
(w2) 
S2 = ---In 
- 
= 4 In 2 = 2.77 squares 
W2 - 
W1 
w1 
Total R = R1 + R2 + R3 = Ps(S, + 52 + 53) 
= 7.51 mO 


Conductor 
Resistances 
(Continued) 


As another 
example. 
assume 
that a 1 oz. trace must carry a 


200 
mA current 
six inches 
with 
a voltage 
drop 
less than 


10 mY. 


Vmax 
0.01 
Rmax = -I - = D.2 = 0.050 


I 


0.05 = Ps; 
(5-6) 


w'I = 20 Ps 


w = 120 Ps = (120) 5.657 x 10-4 
= 67.9 X 10-3 


... minimum 
trace width, w = 68 mils 


At 
a higher 
current 
level, 
consider 
the 
voltage 
drop 
in a 


conductor 
20 mils thick, 
1.25 inches 
wide 
and 3 feet 
long 


carrying 
a 50A current. 


6.788 x 10-7 
Ps = 
2 X 10-2 
- 
3.364 x 10-5 
0 per square 


V = IR - 
(50) (3.364 x 1O-5)~ 
1.25 


= 0.0484 = 48.4 mV 


Sheet 
resistances 
for various 
copper 
thicknesses 
are listed 
in Figure 5-5. Standard 
thicknesses 
and tolerances 
for cop- 


per cladding 
are tabulated 
in Figure 
5-6 and resistance 
per 


foot as a function 
of width 
is shown 
in Figure 
5-7. 


Weight 
Sheet 
Sheet 
Resistance 
or 
Oper 
Thickness 
Resistance 


Thickness 
Square 
o per Square 


2 oz. 
2.715 x 10-4 
0.02 in. 
3.364 x 10-5 


3 oz. 
1.886 X 10-4 
0.05 in. 
1.358 x 10-5 


5 oz. 
1.077 X 10-4 
'116 in. 
1.086 x 10-5 


0.01 in. 
6.788 x 10-5 
%in. 
2.715 
X 10-6 


FIGURE 
5-5. Sheet 
Resistance 
for Various 
Thicknesses 
of Copper 


Nominal 
Thickness 
Nominal 
Tolerances 


Weight 
By 


In. 
mm 
oz/ft2 
Weight, 
% 
In. 


0.0007 
0.0178 
V. 
+10 
+0.0002 


0.0014 
0.0355 
1 
+10 
+0.0004 


-0.0002 


0.0028 
0.0715 
2 
+10 
+0.0007 


-0.0003 


0.0042 
0.1065 
3 
+10 
+0.0006 


0.0056 
0.1432 
4 
+10 
+0.0006 


0.0070 
0.1780 
5 
+10 
+0.0007 


0.0084 
0.2130 
6 
+10 
+0.0008 


0.0098 
0.2460 
7 
+10 
+0.001 


0.014 
0.3530 
10 
+10 
+0.0014 


0.0196 
0.4920 
14 
+10 
+0.002 


FIGURE 
5·6. Thickness 
and Tolerances 
for 
Copper 
Cladding 
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FIGURE 
5·7. Conductor 
Resistance 
vs 


Thickness 
and Width 


Temperature 
Coefficient 


The 
resistances 
in Figures 
5-3, 
5-5, 
and 
5-7, 
as well 
as 


those 
used 
in the 
sample 
calculations, 
are 
20'C 
values. 


Since copper 
resistivity 
has a temperature 
coefficient 
of ap- 


proximately 
O.4%/"C, 
the 
resistance 
at a temperature 
(T) 


can be determined 
as follows. 


RT = R20"C [1 + 0.004 (T + 20'C)] 


At 55'C: 
(5-8) 


R = R20·c!1 
+ 0.004 (55'C 
- 
20'C)] = 1.14 R20'C 


When 
specifying 
power 
bus dimensions 
for PC cards 
con- 


taining 
many 
IC packages, 
designers 
should 
bear 
in mind 


that excessive 
current 
densities 
can cause 
the copper 
tem- 


perature 
to rise appreciably. 
Figure 5-8 illustrates 
the ohmic 


heating 
effect 
of various 
current 
densities.1 
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FIGURE 
5-8, Temperature 
Rise with 
Current 


Density 
In PC Board 
Traces 


Distribution 
Impedance 


Power 
busses 
should 
have 
low AC impedance, 
as well as 
low 
DC resistance, 
to 
prevent 
propagation 
of extraneous 


disturbances 
along the distribution 
system. 
As far as current 


or voltage 
changes 
are concerned, 
power 
and ground 
bus- 
ses appear 
as transmission 
lines; thus their impedances 
can 


be affected 
by shape, 
spacing 
and dielectric. 
The effect 
of 


geometry 
on impedance 
is illustrated 
in the 
two 
arrange- 


ments of Figure 
5-9. The same cross-sectional 
area of cop- 


per is used, but the two round wires 
have an impedance 
of 


about 
75D. while 
the 
flat 
conductors 
have 
an impedance 


determined 
as follows. 


377 d 
d 


Zo = JE h 
for h < 0.1 


With 
a Mylar@' 
or Teflon@' 
dielectric 
(E = 2.3) two 
mils 


thick, 
impedance 
of the 
flat 
conductor 
pair 
is only 
0.5D.. 
Power 
line impedance 
can be reduced 
by periodically 
con- 


necting 
RF-type 
capacitors 
across 
the line. 


d = 0.002" 
__ 11_ 


Zo - 0.750 


(AIR DIELECTRIC) 
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FIGURE 
5·9. Effect 
of Geometry 
on Power 
Bus Impedance 


-Mylar 
and Teflon 
are registered 
trademarks 
of E.!. du Pont de Nemours 


Company. 


It is essential 
to assign one layer of copper 
cladding 
almost 


exclusively 
to ground. 
This provides 
low-impedance, 
non-in- 


terfering 
return 
paths 
for the current 
changes 
which 
travel 


along 
signal 
traces 
when 
the 
IC 
outputs 
change 
state. 
These 
currents 
flow from the VeeA pins of the IC packages, 
through 
the output 
transistors, 
then 
into the loads 
and the 


stray capacitances. 
These 
stray capacitances 
exist from an 


output 
to VEE, output 
to ground, 
and to other 
signal 
lines. 
Thus, 
displacement 
currents 
through 
stray 
capacitances 


flow 
in 
many 
paths, 
but 
must 
ultimately 
return 
through 


ground 
to the 
output 
transistor 
where 
they 
originated. 
To 


reduce 
the 
length 
and 
impedance 
of the 
return 
path, 
the 


ground 
metal should 
cover as large an area as possible 
and 


one decoupling 
capacitor 
should 
be provided 
for every one 


to two 
IC packages. 
Additional 
capacitors 
may be needed 


for mUltiple output 
devices. 
These 
capacitors 
should 
be ce- 


ramic, monolithic 
or other 
RF types in the 0.01 ,...Fto 0.1 ,...F 


range. 


The load current 
returning 
to an IC package 
through 
ground 


metal 
is predictable, 
both 
in magnitude 
and 
in the 
return 


path. Since the magnetic 
and capacitive 
coupling 
between 
a 


signal 
trace 
and the 
underlying 
ground 
provides 
the trans- 


mission 
line characteristic, 
it follows 
that 
the 
load 
current 


flowing 
through 
the signal trace is accompanied 
by a ground 


return 
current 
equal 
in magnitude 
but opposite 
in direction. 
For 
example, 
in a 50D. terminator 
IOL is 5.9 
mA, 
IOH is 


20.9 
mA. Then 
signal 
change 
will cause 
about 
15 mA cur- 
rent change 
and, as this current 
change 
propagates 
along 


the signal 
trace, 
a current 
of - 15 mA advances 
along the 


ground 
directly 
underneath 
the 
signal 
trace. 
Therefore, 
if 


there 
is an interruption 
in the ground, 
the return 
current 
is 


forced 
to go around 
it. The 
15 mA current 
change 
can be 


reduced 
by terminating 
the 
complementary 
output 
of the 


signal. Then a signal change 
will direct the current 
from true 


output 
to the complement 
output 
reducing 
the to currents 
in 


the 
ground 
plane. 
When 
it is necessary 
to 
interrupt 
the 


ground 
plane, 
the interruptions 
should 
be kept as short 
as 


possible; 
every effort 
should 
be made to locate 
them 
away 


from overlying 
signal 
lines. When 
the ground 
plane 
is inter- 


rupted 
for short 
signal 
lines between 
packages, 
these 
lines 


should 
be at right angles 
to signal lines on the other 
side to 


minimize 
coupling. 
VEE and Vn 
distribution 
lines can also 


act as the return 
side of transmission 
lines, as long as de- 


coupling 
capacitors 
to ground 
are placed 
in the immediate 


areas where the signal return current 
must continue 
through 


ground. 


Several 
connections 
along the edge of a PC card should 
be 


assigned 
to 
ground 
to 
accommodate 
backplane 
signal 


ground. 
These 
should 
be spaced 
at one-half 
to one 
inch 


intervals 
to minimize 
the average 
path 
length 
for signal 
re- 


turn currents 
and to simulate 
a distributed 
connection 
to the 


backplane 
signal ground. 


Not enough 
emphasis 
can be placed 
on the requirement 
for 


a good 
ground. 
All input signals 
are referenced 
to internal 


VBB and the VBB is referenced 
to Vee 
(ground). 
Any varia- 


tion from one side of the board to the other affects 
the noise 


margins. 
To help eliminate 
some 
of the variations 
a sepa- 


rate VeeA 
is provided 
on FlOOK 
ECL circuits 
to power 
the 


output 
drivers 
and leave 
the Vee 
going to internal 
circuitry 


unaffected. 


Backplane Construction 


In order to take complete 
advantage 
of the speeds 
inherent 


in FlOOK ECL it is desirable 
to construct 
the backplane 
as a 


multilayer 
printed 
circuit 
board. 
Generally, 
two 
internal 
lay- 


ers are devoted 
to ground 
and VEE and the signals 
occupy 


the outside 
layers. 
Where 
power 
densities 
are very high, it 


may be necessary 
to supplement 
the power 
layers with ex- 


ternal 
busses (see Backplane 
Interconnections, 
Chapter 
4). 


If it is necessary 
to use wires to augment 
the interconnec- 


tion provided 
by the traces, 
less critical 
signals 
should 
use 


the wires. The wires will exhibit 
an impedance 
which 
can be 


calculated 
with the wire-over-ground 
formula 


138 
4h 
Zo = 
.[E 
Log10 d 
(5-9) 


where 
d is diameter, 
h is distance 
to ground, 
and 
E is di- 


electric 
constant. 


Bear 
in mind that 
if the ground 
plane 
is buried 
inside 
the 


board, 
then 
both 
hand 
E are made 
up of multiple 
compo- 


nents. 


Termination 
Supply, VTT 


A separate 
return voltage 
for the termination 
resistors 
offers 


a way to minimize 
power 
dissipation 
in systems 
extensively 


using parallel 
termination 
techniques. 
A-2V 
Vn 
value 
rep- 


resents 
an optimum 
speed/power 
trade-off, 
allowing 
suffi- 


cient 
termination 
current 
to 
discharge 
load 
capacitances 


while 
minimizing 
the 
average 
power 
consumption. 
Figure 


5-10 shows the average 
values of current, 
IC power dissipa- 


tion and resistor 
power 
dissipation 
for various 
values 
of the 


termination 
resistor 
RT returned 
to 
- 2V. Average 
values 


are determined 
by calculating 
the output 
HIGH 
and output 


LOW values, 
then taking 
the average. 
These 
50% 
duty cy- 
fI 


Termination 
Supply, Vrr 
(Continued) 


cle values 
are useful in determining 
the current 
drain on the 


- 2V supply 
and the contribution 
to dissipation 
on the logic 


boards. 
Peak values 
of termination 
current 
are approximate- 


ly 60% 
greater 
than the average 
values 
listed. 


DC regulation 
of the - 2V supply is not critical; 
a variation 
of 


± 5% causes 
a change 
in output 
levels of ± 12 mV for 500 
terminations 
or ± 7 mV for 1000 
terminations. 


The 
high frequency 
characteristics 
of the 
Vn 
distribution 


are 
ex1remely 
important. 
Ideally, 
a 
solid 
voltage 
plane 


should 
be devoted 
to Vn. 
If this 
is not feasible, 
the 
Vn 


distribution 
should 
form 
a grid using 
orthogonal 
traces. 
In 


any case, 
decoupling 
capacitors 
to ground 
should 
be used 


to reduce 
the high frequency 
impedance. 


VTT= -2.0V 
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RT 
Isvg 
PO(svglmW 


0 
mA 
IC Output 
Resistor 


50 
14 
14 
13 


62 
11 
12 
11 


75 
9.3 
9.5 
9.1 


90 
8.1 
8.2 
7.9 


100 
7.3 
7.3 
7.1 


150 
5.0 
4.9 
5.0 


FIGURE 
5-10. Average 
Current 
and Power 
Dissipation 
for 
Parallel 
Termination 
to -2V 


If the terminators 
used are in Single 
In-line 
Packages 
(SIP) 


or Dual-ln-Iine 
Packages 
(DIP) as opposed 
to discrete 
resis- 
tors, particular 
attention 
must be given to decoupling 
in or- 


der to maintain 
a solid Vn 
voltage 
inside the package. 
This 


is necessary 
to avoid crosstalk 
due to mutual 
inductance 
to 


Vn. 
SIPs 
have 
been 
developed 
which 
have 
multiple 
Vn 


connections 
and on-board 
decoupling 
capacitors. 


VEE Supply 


The value of VEE is not critical 
for F1 OOK since all circuits 
in 


the family 
operate 
over the range 
of -4.2V 
to -5.7V. 
De- 


coupling 
capacitors 
to ground 
should 
be used on each card, 


as previously 
discussed 
in connection 
with the 
ground 
on 


PC cards. 
In addition, 
each card should 
used 1 fLF to 10 fLF 


decoupling 
capacitors 
near the points where VEE enters the 


card. 


The 
current 
drain 
for the VEE supply 
for each 
circuit 
type 


can be determined 
from 
the data sheet 
specifications. 
For 


VEE values 
other 
than 
-4.5V, 
the current 
drain 
varies 
as 


shown 
in Figure 
5-11 and 5-12 for SSI and 
MSI elements 


respectively. 
These 
graphs 
are 
made 
from 
data 
from 
the 
F1 001 01 and F100179. 
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FIGURE 
5-11. Supply 
Current 
vs 
Supply 
Voltage 
for F100101 
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FIGURE 
5-12. Supply 
Current 
vs 
Supply 
Voltage 
for F100179 


Series 
dividers 
used to obtain 
Thevenin 
equivalent 
parallel 


terminations 
increase 
the current 
load on the VEE supply, as 


do the pull-down 
resistors 
to VEE used with series 
termina- 


tion. Average 
VEE current 
and resistor 
dissipation 
for Theve- 


nin equivalent 
terminations 
are listed in Figure 
5-13 for sev- 


eral representative 
values 
of equivalent 
resistance. 
The av- 


erage values apply for 50% duty cycle. 
Peak current 
values 


are approximately 
11 % greater. 
Dissipation 
in the IC output 


transistor 
is the same as in Figure 5-10. Average 
dissipation 


and lEE current 
for several 
values of pull-down 
resistance 
to 


VEE are listed in Figure 5-14. The RE values 
are appropriate 


for series termination 
of transmission 
lines with impedances 


listed 
in the 
Zo column, 
determined 
from 
Equation 
4-12. 


Peak 
current 
values 
are approximately 
12% 
greater 
than 


average 
values. 


Figures 
5-10, 
13 and 
14 show that the Thevenin 
equivalent 


parallel 
termination 
method 
leads to ten times 
as much dis- 


sipation 
in the resistors 
as in the single 
resistor 
returned 
to 


-2V. 
Similarly, 
the dissipation 
in RE for series termination 
is 


three times the dissipation 
in the parallel 
termination 
resistor 


to -2V. 


VTT= -2 
V 


TLiF/9902-10 


RT 
R1fi 
R2fl 
lEE (avg) 
PO(avg)mW 


n 
= 1.80RT 
= 2.25RT 
mA 
Resistors 


50 
90 
113 
28.2 
109 


62 
112 
140 
22.7 
87.9 


75 
135 
169 
18.8 
72.7 


82 
148 
185 
17.2 
66.5 


90 
162 
203 
15.7 
60.5 


100 
180 
225 
14.1 
54.5 


120 
216 
270 
11.7 
45.4 


150 
270 
338 
9.4 
36.3 


FIGURE 
5-13. Series 
Divider 
for Thevenln 
Equivalent 
Terminations 


~ 


IRE1 f 
RE 


VEEa: -4.5V 


Zo 
RE 
lEE (avg) 
PO(avg)mW 


n 
n 
mA 
IC Output 
RE 


50 
269 
9.8 
12.9 
25.8 


62 
331 
7.9 
10.4 
20.6 


75 
399 
6.5 
8.6 
16.8 


90 
477 
5.4 
7.1 
13.9 


100 
530 
4.9 
6.5 
12.7 


120 
634 
4.1 
5.4 
10.6 


150 
791 
3.2 
4.2 
8.1 


FIGURE 
5-14. Average 
Current 
and Power 
Dissipation 
Using 
Pull-Down 
Resistor 
to VEE 


Thermal Considerations 


System 
cooling 
requirements 
for ECL circuits 
are based 
on 
three 
considerations: 
(1) the need to minimize 
temperature 
gradients 
between 
circuits 
communicating 
in the single-end- 


ed mode, 
(2) the need to control 
the temperature 
environ- 


ment of each circuit to assure that the parameters 
stay with- 


in guaranteed 
limits, 
and 
(3) the 
need 
to 
insure 
that 
the 
maximum 
rated junction 
temperature 
is not exceeded. 


Temperature 
gradients 
are 
of 
no 
practical 
concern 
with 
FlOOK 
circuits 
since 
they 
are temperature 
compensated; 


their output 
voltage 
levels and input thresholds 
change 
very 
little with temperature, 
as discussed 
in Chapter 
1. With un- 


compensated 
ECL circuits, 
output 
voltage 
levels 
and input 
thresholds 
vary 
with 
temperature. 
This 
causes 
a loss 
of 
noise margin when driving 
and receiving 
circuits 
are operat- 


ing at different 
temperatures. 
Loss of HIGH-state 
noise mar- 
gin occurs 
when the receiving 
circuit is at the higher temper- 
ature, 
amounting 
to approximately 
1 mV I'C of temperature 
gradient. 
When 
the driving 
circuit 
is at the higher 
tempera- 


ture, 
the 
LOW-state 
margin 
decreases 
by approximately 
0.5 mVI'C 
of gradient. 
The system 
designer 
must consider 
noise margin 
loss, due to temperature 
gradients. 


Each DC parameter 
limit on the FlOOK data sheets 
applies 
over the entire O·C to + 85·C case temperature. 
For uncom- 
pensated 
ECL circuits, 
parameter 
limits 
have different 
val- 


ues 
for 
different 
ambient 
temperatures. 
Further, 
ambient 
temperature 
specifications 
are based on a minimum 
air flow 
rate of 400 linear feet per minute. 
Thermal 
equilibrium 
must 


be established 
for incoming 
test results 
of uncompensated 
ECL circuits 
to be valid. The time required 
to attain equilibri- 


um can vary considerably, 
depending 
on the internal 
dissi- 
pation 
of the 
particular 
IC type 
and 
details 
of the thermal 
arrangement. 
Normally, 
an adequate 
waiting 
time is three to 
five minutes 
after power 
is applied. 


The maximum 
rated junction 
temperature 
of FlOOK circuits 


is + 150·C. 
An 
individual 
IC junction 
temperature 
can 
be 
determined 
by multiplying 
power dissipation 
by the junction- 
to-air 
thermal 
resistance 
8JA and 
adding 
the 
result 
to the 


ambient 
air temperature. 
The power dissipation 
is VEE times 
lEE, from 
the data 
sheet, 
plus the dissipation 
in the output 


transistors 
from 
Figure 
5-10 or 5-14. Thermal 
resistance 
is 
shown 
in Figure 
5-15 as a function 
of cooling 
air flow 
rate. 


This figure applies 
when 
the IC is mounted 
on a board with 
the air flowing 
in a plane 
parallel 
to the board 
and perpen- 


dicular 
to the long axis of the IC package. 
When 
air temper- 


ature, 
flow 
rate and package 
power 
dissipation 
are known, 


junction 
temperature 
is determined 
as follows. 


TJ = TA + P08JA 
(5-10) 


~ 
24·PIN FlATPAK 
(4 V) AL20. 
BASE 


~ 
24·PIN CERAMIC 
DIP (8 y) AL20. 
~BASE 


~ 
24·PIN FLATPAK (4 0) BoO BASE 
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FIGURE 
5-15. Junctlon-to-Air 
Thermal 
Resistance 
vs Air Flow 
Rate 


Thermal Considerations 
(Continued) 


Conversely, 
when 
the 
maximum 
rate junction 
temperature 


(+ 150'C), 
the package 
power 
dissipation, 
and the air tem- 
perature 
are known, 
the 
minimum 
flow 
rate can be deter- 


mined by first determining 
the maximum 
thermal 
resistance. 


. 
(150' 
- 
TA) 


Maxlmum6JA 
= ---- 
(5-11) 
PD 


For this value 
of 6JA the minimum 
flow 
rate is determined 


from 
Figure 
5-15. 


When the system 
designer 
plans to depend 
on natural con- 


vection 
for cooling, 
it is recommended 
that thermal 
tests be 


conducted 
to 
determine 
actual 
conditions. 
The 
effective- 


ness 
of natural 
convection 
for cooling 
varies 
greatly. 
For 


instance, 
on a densely 
packed 
logic 
board 
in a horizontal 


attitude 
in still air, the effective 
ambient 
temperature 
for an 


IC varies with its position. 
An IC in the middle of the board is 


subjected 
to air that 
is partially 
heated 
by surrounding 
ICs. 


Additionally, 
the temperature 
of the board 
rises due to heat 


flow through 
the component 
leads. These effects 
can cause 


a much 
higher junction 
temperature 
than 
might 
be expect- 


ed. 
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Chapter 6 
Testing Techniques 


Introduction 


The purpose 
of this chapter 
is to assist 
personnel 
involved 


with 
incoming 
inspection 
and 
qualification 
testing, 
by dis- 


cussing 
the various 
methods 
and techniques 
used in testing 
ECl 
devices. 


Testing 
includes 
verifying 
functionality, 
checking 
DC para- 


metric 
limits 
and measuring 
AC performance. 
These 
tasks 


are particularly 
difficult 
for ECl 
devices 
in light of the broad 


range 
of products: 
RAMs, 
PROMs, 
gate 
arrays, 
and 
logic 


circuits. 
Correlation 
between 
supplier 
and user is extremely 


important. 
Recognizing 
the 
differences 
between 
high-vol- 


ume 
instantaneous 
testing, 
as performed 
by the 
supplier, 


and the user's concern 
for long term performance 
in a given 


operating 
environment, 
National 
guarantees 
the data sheet 
limits 
as specified, 
although 
testing 
may be performed 
by 


alternate 
methods. 


Tester Selection 


Although 
many makes 
and types of automatic 
test systems 


are available 
and in use today, not all are capable 
of testing 
ECl 
RAMs, 
PROMs, 
logic and gate arrays. 


logic 
and gate array testers 
require 
DC Accuracy, 
subnano- 


second 
AC test 
capability, 
and the 
ability 
to change 
soft- 


ware for each device. 
Software 
capability 
and the number 
of 


test 
pins available 
are major 
considerations 
in choosing 
a 


gate 
array 
tester. 
Functional, 
DC and 
threshold 
tests 
are 


successfully 
performed 
on 
automatic 
test 
equipment, 
but 


subnanosecond 
propagation 
delays 
are difficult 
to measure 


accurately. 


The use of dedicated 
testers 
to perform 
high-volume 
memo- 


ry testing 
is very common. 
Testers 
containing 
hardware 
ad- 


dressing 
capability 
are usually 
the most efficient. 
Although 


basic 
DC testing 
is similar 
for any device 
type, 
RAM 
and 
PROM 
functional 
testing 
usually 
require 
special 
addressing 


capabilities 
to test for pattern 
sensitivity. 
The pattern 
gener- 


ators 
and output 
comparators 
must have minimum 
skew to 


obtain 
maximum 
tester 
accuracy. 
Functional 
and AC tests 


are performed 
simultaneously; 
then, 
DC and threshold 
tests 


are performed. 


The 
following 
considerations 
must 
be taken 
into 
account 


when 
selecting 
a tester. 


Noise 


Since 
the voltage 
swing 
on ECl 
input and output 
levels 
is 


only about 
800 mV, it is very important 
that the power 
sup- 


plies 
and 
voltage 
drivers 
be extremely 
clean 
and 
free 
of 


spikes, 
hum, or any other 
type of noise. 


DC Resolution 


The 
threshold 
measurements 
(VIH (Min), VIL (Max) 
require 


that 
input 
voltage 
be extremely 
accurate 
and 
repeatable, 


i.e., 
if the 
VIL (Max) is specified 
as 
-1.475V, 
a voltage 
source of -1.475 
±5 
mV is not adequate 
to accurately 
test 


the 
part. 
Ideally, 
the 
driver 
and 
the 
output 
comparators 
should 
have an accuracy 
of ± 1 mV. 


Current 
Capability 


Since 
ECl 
is noted 
for 
high 
current 
requirements, 
power 


supplies 
for VEE should 
be capable 
of supplying 
current 
with 
a 25% reserve 
over the highest 
powered 
parts. This reserve 
should 
be 
included 
because 
power 
supplies 
tend 
to 
get 
noisy when 
approaching 
the current 
clamp. 
Some 
ECl 
lSI 
parts dissipate 
over 4.5W; therefore, 
with a VEE of -4.5V, 


the power 
supply 
must provide 
well over 1A. 


Edge 
Rates 


When 
testing 
edge-triggered 
sequential 
logic parts such as 


flip-flops 
and shift registers, 
it is important 
that the rise and 
fall times 
of the clock 
pulses 
be fast, 
clean 
and free from 
overshoot. 
If the clock edges are not adequate, 
the deficien- 


cy can 
be overcome 
using 
a Schmitt 
trigger 
as shown 
in 
Figure 
6-1. 
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FIGURE 
6-1. Typical 
Schmitt 
Trigger 
Circuit 


The 68.0. resistor 
provides 
hysteresis 
by positive 
feedback, 


thus 
improving 
the edge 
rates. 
When 
energized, 
the relay 


provides 
a path to bypass 
the Schmitt 
trigger, 
so the input 


currents 
of the device 
under test can be measured. 


Functional Testing 


The functional 
operation 
and truth table for all device 
types 
are checked 
using 
automatic 
test 
equipment. 
For memory 
devices, 
pattern 
sensitivity 
and AC characteristics 
are also 
tested 
automatically. 
Functional 
testing 
is usually 
performed 
before 
DC testing. 
logic 
parts 
are functionally 
tested 
in all 
modes 
of operation. 
The inputs are driven 
using typical 
VIH 
and VIL values. 
The outputs 
are compared 
against 
relaxed 
VOH and VOL limits. 
The VIH, VIL, VOH and VOL limits 
are 
tested 
during 
DC testing. 
,. 


output 
logic 
state. 
The 
cable 
length 
should 
be kept 
to a 
minimum 
to insure signal integrity. 


Threshold 
Measurements 


Threshold 
measurement 
on an automatic 
tester 
is probably 


the most difficult 
DC test and the test most prone to oscilla- 
tion. When testing, 
take one input at a time to threshold; 
all 


other 
inputs 
remain 
at full VIH or VIL levels. 
For example, 
to 


test 
a flip-flop, 
make 
sure 
the output 
is LOW 
before 
test, 
take 
the 
data 
pin to HIGH 
threshold, 
and 
apply 
the clock 
pulse. Verify that the HIGH has been transferred 
to the out- 
put. Next, apply LOW threshold 
to the data input and clock it 


through; 
use 
hard 
levels 
on the 
clock 
(full 
VIH and 
VIU. 
Check 
that the output 
pin goes LOW. 


ing devices 
in a universal 
test board. The typical 
test circuit 


board is double-clad 
copper. 
All input/output 
pins go to sin- 


gle-pole, 
triple-throw 
switches 
so that VIH, VIL or a 500 
ter- 


minating 
resistor 
can be connected. 
Leadless 
0.05 
fLF ca- 


pacitors 
decouple 
all pins to Vcc (+ 2V) at the socket 
pins. 


Access 
to the device 
under test is made via banana 
sockets 


to the X-V plotter. 


VIH/VOUT 
Plot-The 
input ramp supply is OV to -2V 
varied 


by a multi-turn 
potentiometer. 
The input voltage 
(VIN) versus 


output 
voltage 
(VOUT) is plotted 
on an X-V recorder 
using 


the test setup shown 
in Figure 
6-2. 


VOUT/IOUT 
Plot-The 
output 
voltage 
(VOUT) versus 
output 


current 
(lOUT) can be plotted 
using the test setup shown 
in 


Figure 
6-3. 
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When 
bench 
testing, 
the device 
is offset 
by + 2V; VEE is 
~ 


-2.5V; 
Vee, VeeA is +2V. 
Then the 50n 
input impedance 
S· 


of the sampling 
oscilloscope 
acts as the termination 
resistor 
CO 


to OV. The 
input 
and 
output 
coaxial 
cable 
to the 
oscillo- 
c;} 


scope 
should 
be cut to exactly 
the same electrical 
length. 
n 
':t' 
Decoupllng 
;:, 


Not enough 
emphasis 
can be put on the importance 
of good 
~' 


decoupling 
on the D.U.T. because 
oscillations 
can give erro- 
CD 
neous 
test 
results. 
A sampling 
scope 
should 
be used 
to 
Ul 


make sure that oscillation 
is not occurring. 


The value of capacitors 
used depends 
on the type of tester 


used and the frequency 
of test. Some testers 
use pulse test; 


in other words, 
for each individual 
test in a program, 
VEE is 


powered 
up and down. 
On this type 
of tester, 
electrolytic- 


type (i.e., large value) capacitors 
cannot 
be used because 
of 


the time constant 
needed 
to charge 
the capacitor. 


Always 
start 
with 
the 
minimum 
decoupling 
needed 
to 


achieve 
good 
results, 
perhaps 
merely 
a capacitor 
between 


Vee and VEE. Capacitors 
should 
be placed 
as close as pos- 


sible to the D.U.T. to eliminate 
as much inductance 
as pos- 


sible. Only low-inductance 
capacitors 
should 
be used; lead- 


less monolithic 
ceramic 
capacitors 
are very effective. 


There 
are no rigid decoupling 
rules, 
and each 
device 
type 


may have its own decoupling 
requirements. 
A typical 
decou- 


piing technique 
that works well on most F1 OOK devices 
is to 


place 
0.01 
",F to 0.1 ",F monolithic 
ceramic 
capacitors 
in 


the following 
locations. 


• 
If no offset 
is used: 


between 
VEE (-4.5V) 
and Vee, VeeA (OV) 


between 
Vn 
(- 
2V) and ground 
(OV) 


• 
If + 2V offset 
is used: 


between 
Vee, VeeA (+2V) 
and ground 
(OV) 
between 
VEE (- 
2.5V) and ground 
(OV) 


• 
In most cases, VeeA and Vee should 
be shorted 
as close 


to the D.U.T. as possible. 
However, 
if the VeeA and Vee 


pins are physically 
separated, 
individual 
decoupling 
ca- 


pacitors 
may be necessary. 


• 
For DC test only place a 0.001 
",F capacitor: 


between 
an input pin and VEE 
between 
an output 
pin and VeeA 


Decoupling 
problems 
will appear 
mainly at threshold 
test. If 


certain 
outputs 
fail, try the decoupling 
technique, 
described 


in the preceding 
paragraph, 
on those 
outputs 
and the asso- 


ciated 
inputs. 
With testers 
that use the power-hold 
method, 


such as the Sentry!!>, large electrolytics 
can be used in par- 


allel with smaller 
(0.01 ",F) disk capacitors 
for the high-fre- 


quency 
bypass. 


AC Testing 


Because 
few automatic 
measurements 
systems 
have suffi- 


cient 
accuracy 
to perform 
subnanosecond 
testing, 
AC test- 


ing of ECl 
is one of the most difficult 
tests 
to accomplish. 
To obtain 
sub nanosecond 
accuracy 
usually 
requires 
special 


test fix1ures and equipment. 
The physical 
location 
of the test 


fix1ure, the 
input 
driver 
and the output 
comparator 
is very 


important. 


Depending 
upon the accuracy 
and repeatability 
of the auto- 


matic tester, 
a bench 
setup may be required 
for correlation. 
Comparing 
an air line with known 
propagation 
delay to the 


test setup is recommended. 


AC Test Fixtures 


Test fix1ure design 
plays a pivotal 
role in insuring that undis- 


torted 
waveforms 
are 
applied 
to 
the 
Device 
Under 
Test 


(D.U.T.) 
and that the device 
output 
can be monitored 
cor- 


rectly. 


Board 
Construction 
and Layout 


ECl 
AC bench 
test fix1ures are built on a double-clad 
print- 


ed circuit 
board 
or on a multilayer 
printed 
circuit 
board with 


semi-rigid 
coax. The power planes are shorted 
at the device 


and brought 
out to banana 
sockets 
with the decoupling 
ca- 


pacitors 
at the device. 
Transmission 
lines of 50n 
are main- 


tained 
from 
soldered-on 
BNC 
or SMA 
connectors 
to the 


D.U.T. Sense 
lines from the D.U.T. output 
and input pins to 


the connectors 
must be of electrically 
equal 
length. 
For in- 


put pins, 
care 
must 
be taken 
to insure 
that 
the force 
and 


sense lines are brought 
directly to the point that makes con- 


tact with the D.U.T. 
For output 
pins, only the output 
sense 


lines 
are used 
to monitor 
the 
signals. 
The force 
lines 
are 


disconnected 
at the 
device 
to 
minimize 
signal 
distortion. 


Special 
care must be taken to minimize 
crosstalk 
and stray 


capacitance 
in the area of the D.U.T. 
For correlation, 
flat- 


paks are not tested 
in sockets 
but are clamped 
to the traces 


of a multilayer 
PC board. 
Dual in-line 
devices 
are plugged 


into individual 
pin sockets 
instead 
of normal 
test 
sockets. 


Due to equipment 
limitations 
and for correlation, 
the ampli- 


tude, 
offset, 
rise and fall time are set up with 
no device 
in 


the test socket. 


The bench 
test fix1ure to measure 
toggle 
frequency 
utilizes 


the principles 
described 
in the preceding 
paragraph 
except 


that the feedback 
path between 
the output and data input is 


as short as possible. 


Output 
Termination 


All outputs 
should 
be terminated 
with 50n 
± 1% resistors. 
This is especially 
important 
for complementary 
outputs. 


• 


Introduction 


The study of ESD failures 
began 
in earnest 
back when sys- 
tem 
designers, 
faced 
with 
very 
expensive 
assembly 
and 
post-assembly 
rework, 
began 
investigating 
system 
failures 
in great detail. 
In the course 
of their study, they checked 
all 
the records 
to determine 
which 
devices 
has passed 
earlier 
testing, 
but had failed 
once in the system. 
The data clearly 
indicated 
that something 
in the handling 
process 
resulted 
in 
higher 
attrition 
rates 
among 
the 
devices. 
Reliability 
physi- 
cists 
examined 
the failed 
devices 
in minute 
detail, 
in some 
cases 
subjecting 
them 
to examination 
under 
high powered 
scanning 
electron 
microscopes. 


The problem 
was found 
to be one of electrical 
overstress, 
and further 
investigation 
determined 
that the cause 
of the 
overstress 
was 
a 
phenomenon 
called 
electrostatic 
dis- 
charge 
(or ESD). 


Explanation of How ESO Occurs 


The concept 
of electrostatic 
discharge 
is easily understood. 
Electrostatic 
energy 
is static 
electricity, 
a stationary 
charge 
which 
can build up in either 
a nonconductive 
material 
or in 
an ungrounded 
conductive 
material. 
This charge 
can occur 
in one of two ways, either through 
polarization, 
which occurs 
when 
a conductive 
material 
is exposed 
to a magnetic 
field, 
or triboelectric 
effects, 
which occur when two surfaces 
con- 
tact and then separate, 
leaving 
one positively 
charged 
and 
one negatively 
charged. 
Friction 
between 
two materials 
in- 
creases 
triboelectric 
charge 
by increasing 
the surface 
area 
that comes 
in contact. 
A good example 
of this phenomenon 
would 
be the charge 
one accumulates 
walking 
across 
a ny- 
lon carpet. 
The discharge 
occurs 
when 
one 
reaches 
for a 
doorknob 
or other 
conductive 
surface. 
The 
types 
of ESD 
with 
which 
we will be concerned 
fall 
into the 
category 
of 
triboelectric 
effects. 
Within 
this category, 
various 
materials 
have differing 
potentials 
for charge. 
Asbestos, 
nylon, human 
and animal 
hair and wool 
have a high positive 
triboelectric 
potential. 
Silicon 
has one of the highest 
negative 
triboelec- 
tric potentials, 
followed 
by such 
materials 
as polyurethane, 
polyester 
and rayon. Cotton, 
wood, 
steel and paper all tend 
to be relatively 
neutral, 
which 
makes 
cotton 
clothing 
and 
steel table 
tops excellent 
ESD protective 
materials 
in envi- 
ronments 
where 
ESD problems 
can be anticipated. 


The intensity 
of the charge 
is inversely 
proportional 
to the 
relative 
humidity. 
As humidity 
decreases, 
ESD problems 
in- 
crease. 
For example, 
walking 
across 
a carpet 
will generate 
a 
1.5 kV charge 
at 
90%RH, 
but 
will 
generate 
35 
kV at 
10%RH. 
When 
an object 
storing 
a static 
charge 
comes 
in 


contact 
with another 
object, 
the charge 
will attempt 
to find a 
path 
to ground, 
discharging 
into the 
contacted 
object. 
Al- 
though 
the current 
level is ex1remely 
low (typically 
less than 
0.1 nanoamp), 
the voltage 
can be as high as 35-50 
kV. 


The degree 
of damage 
caused 
by electrostatic 
discharge 
is 
a function 
of the size of the charge 
(which 
is determined 
by 
the capacitance 
of the charged 
object) 
and the rate at which 
it is discharged 
(determined 
by the resistance 
into which 
it is 
discharged). 
This 
relationship 
can 
be shown 
with 
a wave- 
form 
(Figure 
1 ) that utilizes 
what 
is termed 
a double 
expo- 
nential 
decay 
pulse. 
With such a pulse, 
99% 
of the energy 
will be dissipated 
in five time constants, 
with each time con- 
stant 
established 
by the resistance 
and capacitance 
men- 
tioned above. Where both are low, the discharge 
rate will be 
rapid enough 
to cause 
damage 
if the object 
into which 
dis- 


charge 
occurs 
is a semiconductor. 
As resistance 
and 
ca- 
pacitance 
increase, 
both the discharge 
rate and the risk of 
damage 
decrease. 


FIGURE 
1. Ideal 
RC Waveform 


It is estimated 
that the value 
of devices 
lost to ESD could 
run as high as $1 billion per year. Most electrostatic 
damage 
is caused 
by the handling 
of devices 
by personnel 
who have 
not taken 
adequate 
precautions. 
One would 
expect 
this in 
light 
of the 
fact 
that 
the 
capacitance 
of the 
human 
body 
ranges 
from 50 to 200 pF. The ESD characteristics 
of work 
surfaces 
and of materials 
passing 
through 
the area should 
not be ignored, 
however, 
in an attempt 
to concentrate 
on 
the human 
effect. 


Types of ESD Damage 


The damage 
caused 
by ESD results from the charge's 
tend- 
ency to seek the shortest 
path to ground, 
overstressing 
any 


electrical 
interfaces 
in that path. There 
are several 
different 


types 
of damage 
that result, 
and each of these 
tends 
to be 


typical 
of specific 
component 
technologies 
and elements. 


Dielectric 
Breakdown 


Dielectric 
breakdown 
occurs 
when 
the 
voltage 
across 
an 


oxide exceeds 
its dielectric 
breakdown 
strength. 
The single 
most 
important 
factor 
in this breakdown 
is the oxide 
thick- 


ness 
(Figure 2). Thinner 
oxide 
is more susceptible 
to elec- 


trostatic 
punch-through, 
which 
leaves 
a permanent 
low-re- 


sistance 
short through 
the oxide. Where 
there are pin holes 


or other 
weaknesses 
in the oxide, 
damage 
will be possible 


at lower charge 
levels. 
It should 
be noted that semiconduc- 


tor manufacturers 
have reduced 
oxide 
thicknesses 
as they 


have reduced 
the overall 
size of the devices. 
ESD sensitivity 
has therefore 
increased 
dramatically. 
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FIGURE 
2. Bipolar Transistor 


Electrostatic 
charge 
which 
does 
not 
actually 
result 
in a 


breakdown 
can cause 
lattice 
damage 
in the oxide, 
lowering 


its ability 
to withstand 
subsequent 
ESD exposure. 
A weak- 


ened lattice will also have a lower breakdown 
threshold 
volt- 


age, and this mechanism 
is voltage 
dependent. 


Thermal 
Secondary 
Breakdown 
or Junction 
Burnout 


Junction 
burnout 
is a significant 
failure 
mechanism 
for bipo- 
lar devices, 
and tends 
to be power 
dependent 
rather 
than 
voltage 
dependent. 
The 
interface 
(or junction) 
between 
a 


P-type diffusion 
and an N-type diffusion 
normally 
has a posi- 


tive temperature 
coefficient 
at low temperatures 
(that is, in- 


creased 
temperature 
will 
result 
in increased 
resistance). 
When 
a reverse-biased 
pulse 
is applied, 
the junction 
dissi- 


pates 
heat in its very narrow 
depletion 
region, 
and the tem- 


perature 
increases 
rapidly. 
If enough 
energy 
is applied, 
the 


temperature 
of the junction 
will reach 
a point 
at which 
the 


temperature 
coefficient 
of the silicon 
will turn negative 
(that 


is, at which 
increased 
temperature 
will result in decreased 


resistance). 
Since the area of the junction 
is not uniform, 
hot 


spots 
occur. 
When 
the 
melting 
temperature 
of 
silicon 


(1415'C) 
is reached 
as a result of the ensuing 
thermal 
run- 


away 
condition, 
junction 
melting 
occurs 
in the 
localized 


area. If there is an additional 
energy available 
after the initia- 


tion of melt, the hot spot can grow into a filament 
short. The 


longer 
the pulse, the wider the resultant 
filament 
short. 


After the occurrence 
of the transient, 
the silicon will resolidi- 
fy. In a relatively 
short 
pulse, 
a hot spot 
may form, 
but not 


grow completely 
across 
the junction. 
As a result, 
the dam- 
age may not manifest 
itself immediately 
as a junction 
short 


but will appear 
at a later time as a result of electromigration. 
Shrinking 
geometries 
will decrease 
junction 
areas, 
and this 


should 
increase 
the susceptibility 
of these 
devices 
to ESD 


related 
junction 
problems. 


Metallization 
Melt 


Semiconductor 
interconnect 
metallization 
typically 
has 
a 


small cross-sectional 
area and limited current 
carrying 
capa- 


bility. As feature 
sizes continue 
to be reduced, 
metallization 
cross-section 
will be reduced 
as well. 
Reducing 
metalliza- 


tion 
line width 
by half 
and 
metallization 
thickness 
by half 


reduces 
the current 
carrying 
capability 
of that 
metallization 
stripe 
by 75%. 
Metallization 
melt, which 
is a power-depen- 


dent failure 
mechanism, 
is more likely to occur 
during 
short 


duration, 
high current 
pulses, 
since the only available 
heat 


sink (the bonding 
pad) is nearby 
and the heat dissipated 
in 


the 
metallization 
does 
not 
have time 
to flow 
into the 
sur- 


rounding 
areas. 
It can 
also 
occur 
as a side 
effect 
during 


junction 
melt. 


Latent 
Failures 


Immediate 
failure 
resulting 
from 
ESD exposure 
is easily de- 
termined: 
the device 
no longer 
works. 
A failed 
device 
may 


be removed 
from the lot or from the subassembly 
in which 
it 
is installed, 
and it represents 
no further 
reliability 
risk to the 


system. 
There 
are, however, 
devices 
which 
have been 
ex- 


posed to ESD but which 
have not immediately 
failed. 
Unfor- 


tunately, 
there 
has never 
been 
sufficient 
data dealing 
with 


the long-term 
reliability 
of devices 
which 
have survived 
ESD 


exposure, 
although 
some experts 
feel that two to five devic- 


es are degraded 
for every one that fails. 
It should 
be obvi- 


ous 
from 
an 
examination 
of 
the 
failure 
mechanisms 
de- 
scribed 
above 
that 
there 
can 
be 
significant 
degradation 
without 
immediate 
failure. 
Damage 
can manifest 
itself in ei- 


ther a shortening 
of the device's 
lifetime 
(a possible 
cause 


for many of the infant 
mortality 
failures 
seen during 
burn-in) 


or in electrical 
performance 
shifts, 
many of which 
cause the 


device 
to fail electrical 
test limits. 


ESD Protective 
Measures 


It should 
be obvious 
then that there 
are three 
principal 
con- 


siderations 
when 
dealing 
with ESD. The first is that the de- 


vice 
should 
be designed 
in a manner 
that 
minimizes 
ESD 


sensitivity 
and incorporates 
some 
ESD protective 
features. 


The second 
is that both 
manufacturers 
and users 
must un- 


derstand 
the 
ESD susceptibility 
of the devices 
with 
which 


they are dealing. 
Thirdly, 
both user and manufacturer 
must 


understand 
the generation 
of and sources 
of ESD charges 
well enough 
to establish 
proper precautions 
throughout 
their 


plants. 


Device 
Design 


The 
continuing 
development 
of faster 
and 
more 
complex 


ICs makes 
it unlikely 
that 
we 
will 
see 
a return 
to thicker 


oxide 
layers or larger junctions. 
Early ICs used fairly simple 


clamping 
diodes 
on the inputs to protect 
them 
against 
volt- 


age transients 
in the system. 
Similar, but more complex 
pro- 


tective 
networks 
can be employed 
to provide 
ESD protec- 
tion. An example 
of such circuitry 
is shown 
in Figure 
3 as it 


is employed 
in the design 
of the F100K 
300 Series 
family. 


Electrostatic 
discharge 
(ESD) protection 
diodes 
were added 
to all 300 Series designs 
specifically 
in the circuit paths that 


were 
most 
prone 
to 
ESD 
damage 
on 
F100K 
100 
Series 


products: 
input-to-Vcc, 
input-to-VEE, 
and 
output-to-Vcc. • 


300 
SERIES 
INPUT 


300 
SERIES 
OUTPUT 


These diodes (D1, D2 and D3) are utilized to shunt the cur- 
rent caused by an ESD voltage pulse away from either the 
input or output circuitry. Depending on the polarity of the 
ESD voltage, the diodes either become forward-biased, di- 
recting the current into the supply, or go into reverse break- 
down, directing the current into the substrate. Either way the 
ESD-caused current is shunted away from the input and 
output transistors, avoiding damage to the circuitry. The di- 
odes are designed to be rugged enough to guarantee 
2000V of ESD protection on all 300 Series products (they 
typically withstand up to 4000V). Even in providing this pro- 
tection level, these diodes have a negligible impact on input 
capacitance. Addition of these diodes typically adds only 
tenths of picofarads to each product's input capacitance. 


Assessing ESD Tolerance Levels 
As awareness of the importance of addressing ESD con- 
cerns spread, many experts felt that ESD testing had to be 
uniform if results were to be shared. Method 3015 of Mll- 
STD-883 was created for the purpose of allowing manufac- 
turers to assess the ESD tolerance levels of the devices 
they offered and to allow users to determine the ESD sensi- 
tivity of the parts with which they were assembling systems. 
Method 3015 has established a test circuit (see Figure 4) 
which approximates the resistance and capacitance found 
in the human body (which continues to provide the major 
source of destructive ESD). The testing is performed by 
charging the capacitor in the test circuit and then discharg- 
ing that capacitor into the unit under test. After testing, a 
device will be classified as either Class 1, those devices 
which exhibit ESD-induced failure or degradation at levels 
between zero volts and 1,999V; or Class 2, those which may 
exhibit ESD sensitivity at 
levels between 2,OOOVand 


3,999V; or Class 3, those devices which may exhibit ESD 
sensitivity at levels above 4,OOOVbut have passed all test- 
ing up to that level. This testing is performed on a sample 
basis at initial device qualification and need not be repeated 
unless the device is redesigned. The testing is considered 
destructive, even for those devices which do not fail. 


SArm 
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A device may be characterized as Class 1 in lieu of testing 
at a manufacturer's discretion. Some manufacturers, con- 
cerned with the possibility of latent damage due to inade- 
quate protection of devices which test as Class 2, and con- 
cerned that static charges resulting from handling can run 
as high as 50 kV. have elected to treat all of their devices as 
Class 1, thus ensuring that consistent implementation of 
common handling procedures will provide maximum protec- 
tion for all devices. 


Data generated by an RADC study of electrostatic dis- 
charge susceptibility (VZAP-1, Spring 1983) would seem to 
support that kind of a conservative approach. The data (see 
Figure 5) shows the point at which failure first occurred for 
a given device. It indicates that there are a number of devic- 
es which can be expected to fail between 2 kV and 5 kV, but 
few that will survive beyond 10 kV. 
Those devices which are classified as Class 1 must be 
marked with one equilateral triangle, and those classified as 
Class 2 must be marked with two equilateral triangles to 
identify them as static sensitive. (Class 3 devices will have 
no top mark designator.) 


TABLE I. Device ESD Failure Threshold Classification 


MIL Class 
ESDTolerance 
Top Mark Designation 


Class 1 
OVto 1.999V 
One triangle (Le., .••) 


Class 2 
2,OOOVto 3,995V 
Two triangles (Le., .••.••) 


Class 3 
4,000V and above 
No mark 


ESD Precautionary Measures 
ESD protective measures fall into two categories: those 
which shield the device from ESD and those which control 
the occurrence of ESD. ESD shielding can be accomplished 
by either grounding all of the device leads together, thus 
providing a more direct path to ground, or by surrounding 
the device with insulating material that would keep ESD 
from reaching the device. The first method is most practical 
during device assembly and environmental test, the second 
during shipment and storage. However, neither can be uti- 
lized during electrical testing. 


Most of the handling of ICs, however, occurs during electri- 
cal testing. Testing cannot be performed if the device's 
leads are shorted together, nor can it take place if the de- 
vice is within an insulated container. Control of ESD during 
testing is therefore extremely important. This is accom- 
plished through the grounding of all potential sources of 
ESD. Stainless steel work surfaces connected to ground 


through an appropriate resistive element provide a harmless 
bleed-off of any charge that occurs. Requiring that all per- 
sonnel who handle devices wear ground straps can effec- 
tively eliminate the human body and its clothing as sources 
of ESD. It is also important to minimize the handling of de- 
vices. This can be partially accomplished through the use of 
automated test handlers, which allow the devices to be 
loaded into the testers from ESD-protective rails and re- 
turned to those rails from the tester. Equally important is the 
elimination of any unnecessary testing or test insertions. 
Semiconductor manufacturers have decreased the number 
of test insertions for many devices by combining parametric, 
functional and switching tests onto a single insertion test 
program. Users have minimized handling by relying more 
heavily on the testing performed by their vendors and by 
eliminating incoming testing. Pick-and-place systems and 
other automated 
board assembly hardware have also 
helped to minimize device handling. Most systems manufac- 
turers have also implemented procedures that minimize the 
handling of boards and subassemblies in order to ensure 
that devices receive no potentially damaging exposure to 
ESD after board assembly. 


Effective control of ESD, however, cannot be accomplished 
unless the entire work area is designed around ESD con- 
cerns. At the National Mill Aero facilities, all work areas in 
which parts may be handled or through which parts may 
pass have ESD-protective flooring in addition to grounded 
work surfaces. ground straps for all operators, and other 
protective features. This level of attention to detail is essen- 
tial to the minimization of ESD problems. 


Summary 
Electrostatic discharge will continue to be a major concern 
for those who use semiconductor devices. As device geo- 
metries continue to shrink, the ESD sensitivity of devices 
will increase. Only through proper handling and packaging, 
and through proper attention to ESD concerns will we be 
able to ensure that long term reliability of key systems is not 
negatively affected by ESD problems. 
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Chapter 7 
Quality Assurance and Reliability 


Introduction 


F100K 
ECl 
is manufactured 
to strict 
quality 
and reliability 
standards. 
Product 
conformance 
to these 
standards 
is in- 
sured 
by careful 
monitoring 
of the following 
functions: 
(1) 
incoming 
quality 
inspection, 
(2) process 
quality 
control, 
(3) 
quality 
assurance, 
and (4) reliability. 


Process Quality Control 


Process 
quality 
is maintained 
by establishing 
and maintain- 
ing effective 
controls 
for 
monitoring 
the 
wafer 
fabrication 
process, 
reporting 
the results 
of the monitors, 
and initiating 
valid measurement 
techniques 
for improving 
quality and reli- 
ability 
levels. 


Methods 
of Control 


The 
process 
quality 
control 
program 
utilizes 
the 
following 
methods 
of control: 
(1) process 
audits, 
(2) environmental 
monitors, 
(3) process 
monitors, 
(4) lot acceptance 
inspec- 


tions, 
(5) process 
qualifications, 
and 
(6) process 
integrity 
audits. These 
methods 
of control, 
defined 
below, 
character- 


ize visually 
and electrically 
the wafer fabrication 
operation. 


Process 
Audit-Audits 
concerning 
manufacturing 
operator 
conformance 
to specification. 
These 
are performed 
on all 
operations 
critical 
to product 
quality 
and reliability. 


Environmental 
Monitor-Monitors 
concerning 
the process 
environment, 
i.e., 
water 
purity, 
air 
temperature/humidity, 
and particulate 
count. 


Process 
Monitor-Periodic 
inspection 
at designated 
pro- 
cess 
steps 
for verification 
of manufacturing 
inspection 
and 
maintenance 
of process 
average. 
These 
inspections 
pro- 
vide both attribute 
and variables 
data. 


Lot Acceptance-lot 
by lot sampling. 
This sampling 
meth- 
od is reserved 
for those 
operations 
deemed 
as critical 
and, 
as such, requiring 
special 
attention. 


Process 
Qualification-Complete 
distributional 
analysis 
is 
run to 
specified 
tolerance 
averages 
and 
standard 
devia- 
tions. These 
qualifications 
are typically 
conducted 
on depo- 
sition and evaporation 
processes, 
i.e., epi, aluminum, 
vapox, 


and backside 
gold. 


Process 
Integrity 
Audit-Special 
audits conducted 
on oxi- 
dation 
and 
metal 
evaporation 
processes 
(CV drift-oxida- 
tion; SEM evaluation-metal 
evaporation). 


Data 
Reporting 


Process 
quality 
control 
data 
is recorded 
on an attribute 
or 
variable 
basis as required; 
control 
charts 
are maintained 
on 
a regular 
basis. 
This data 
is reviewed 
at periodic 
intervals 
and serves 
as the basis for judging 
the acceptability 
of spe- 
cific 
processes. 
Summary 
data 
from 
the 
various 
process 
quality control 
operations 
are relayed 
to cognizant 
line, engi- 
neering 
and management 
personnel 
in real time so that, 
if 
appropriate, 
the necessary 
corrective 
actions 
can be imme- 


diately 
taken. 


Process 
Flow 


Figure 
7-1 shows 
the integration 
of the various 
methods 
of 
control 
into the wafer fabrication 
process 
flow. The process 
flow chart contains 
examples 
of the process 
quality controls 
and inspections 
utilized 
in the manufacturing 
operation. 


Incoming Quality Inspection 


Purchased 
piece 
parts 
and raw materials 
must conform 
to 
purchase 
specifications. 
Major monitoring 
programs 
are the 
inspection 
of package 
piece parts, 
inspection 
of raw silicon 
wafers, 
and inspection 
of bulk chemicals 
and materials. 
Two 
other 
important 
functions 
of incoming 
quality 
inspection 
are 
to provide 
real-time 
feedback 
to vendors 
and in-house 
engi- 
neering, 
and to define 
and initiate 
quality 
improvement 
pro- 
grams. 


Package 
Piece 
Parts 
Inspection 


Each shipment 
of package 
piece parts is inspected 
and ac- 


cepted 
or rejected 
based 
on AQl 
sampling 
plans. 
Inspec- 
tion tests include 
both inherent 
characteristics 
and function- 
al use tests. 
Inherent 
characteristics 
include 
physical 
dimen- 
sions, 
color, 
plating 
quality, 
material 
purity, 
and 
material 
density. 
Functional 
use 
tests 
for 
various 
package 
piece 
parts 
include 
die attach, 
bond 
pull, seal, 
lid torque, 
salt at- 
mosphere, 
lead 
fatigue, 
solderability, 
and 
mechanical 
strength. 
In these 
tests, 
the 
piece 
parts 
are sent 
through 
process 
steps 
that 
simulate 
package 
assembly. 
The 
units 
are then 
destructively 
tested 
to determine 
whether 
or not 
they meet the required 
quality 
and reliability 
levels. 


Silicon 
Wafer 
Inspection 


Each shipment 
of raw silicon wafers 
is accepted 
or rejected 
based 
on AQl 
sampling 
plans. 
Raw silicon 
wafers 
are sub- 
jected 
to non-destructive 
and destructive 
tests. 
Included 
in 
the testing 
are flatness, 
physical 
dimensions, 
resistivity, 
oxy- 
gen and carbon 
content, 
and defect 
densities. 
The test re- 
sults are used to accept 
or reject 
the lot. 


Bulk 
Chemical 
and 
Material 
Inspection 


Bulk chemicals 
and materials 
play an important 
role in any 
semiconductor 
process. 
To insure 
that 
the bulk chemicals 
and 
materials 
used 
in processing 
F100K 
wafers 
are the 
highest 
quality, 
they are stringently 
tested 
for trace 
impuri- 
ties and particulate 
or organic 
contamination. 
Mixtures 
are 
also analyzed 
to verify their chemical 
make-up. 


Incoming 
inspection 
is only the first step in determining 
the 
acceptability 
of bulk chemicals 
and materials. 
After 
accept- 
ance, detailed 
documentation 
is maintained 
to correlate 
pro- 
cess results 
to various 
vendors 
and to any variations 
found 
in mixture 
consistency. 


MATERIAL 
INPUT 
Photo Resist 
Quartzware 
Gas-Dopant 
and Solvents 


Wafers 


RUN SETUP 


.. 


OXIDATION 


MASKING 
PHOTORESIST 
AND ETCHING 


SOLID STATE 
DIFFUSIONS: 
Buried Layer, Epitaxy, 
Getter, 
Ion Implant, 
Base and Emitter 


THIN FILM: Metal (aluminum, 
nichrome, 
titanium-tungsten 
and Chemical 
Vapor) 
Deposition 
(silox, doped silox 


. 


and nitride passivation) 


WAFER 
SORT 


OUTGOING 
WAFER 
INSPECTION 


ASSEMBLY 


B. Chemical 
supplies 


C. Substrate 
examination 
(resistivity, 
flatness, 
thickness, 


crystal 
perfection, 
etc.) 


D. Photoresist 
evaluation 


E. Mask inspections 


A. 
Process 
audit/qualification 


B. Environmental 


C. Process 
monitors 
(thickness, 
pinhole 
and 
crack 
mea- 
surements) 


D. C V Plotting 


E. Calibration 


A. 
Process 
audits 


B. Environmental 


C. Visual examinations 


D. Photoresist 
evaluation 
(preparation, 
storage, 
application, 
baking, 
development 
and removal) 


E. Etchant 
controls 


F. Exposure 
controls 
(intensity, 
uniformity) 


A. 
Process 
aUdits/qualification 


B. Environmental 


C. Temperature 
profiling 


D. Quartz 
cleaning 


E. Calibration 


F. Electrical 
tests 
(resistivity, 
breakdown 
voltages, 
etc.) 


A. 
Process 
audits/qualification 


B. Environmental 


C. Visual examinations 


D. Epitaxy 
controls 
(thickness, 
resistivity 
cleaning, 
visual 
examination) 


E. Metallization 
controls 
(thickness, 
temperature 
cleaning, 


SEM, C V plotting) 


F. Glassivation 
controls 
(thickness, 
dopant 
concentration, 
pinhole 
and crack 
measurements) 


A. 
Process 
audit 


B. Environmental 


C. Visual examinations 


A. 
Process 
audit 


B. Inspection 
• 


QA inspections 
throughout 
the assembly 
process 
flow (Fig- 


ure 7-2) are required. 
A flow, 
much 
more detailed 
than the 


one 
presented 
in Figure 
7-2, governs 
the assembly 
of the 


devices 
and 
the 
performance 
of 
the 
environmental, 
me- 


chanical 
and electrical 
tests. 


Reliability 


A number 
of programs, 
among 
them 
qualification 
testing, 


reliability 
monitoring, 
failure analysis, 
and reliability 
data col- 


lection 
and presentation, 
are maintained. 


Qualification 
Programs 


All products 
receive 
reliability 
qualification 
prior to the prod- 


uct being released 
for shipment. 
Qualification 
is required 
for 


(1) new product 
designs, 
(2) new fabrication 
processes 
or 


MIL-STD-883 


Method/Condition 


QA-Internal 
Visual (2nd OPT) 


Optional 


product 
for the new product 
to receive 
qualification. 


New 
Product 
Designs-Receive, 
as a minimum, 
+ 125'C 


operating 
life tests. Readouts 
are normally 
scheduled 
at 168 
hours, 
1168 hours 
and 2168 
hours. 
The samples 
stressed 


are electrically 
good 
units from 
initial wafer 
runs. Additional 


life 
testing, 
consisting 
of 
high-temperature 
operating 
life 
test, 
85/85 
humidity 
bias 
tests 
and 
bias 
pressure 
pot 


(BPTH) tests, 
may be run as deemed 
necessary. 
Redesigns 


of existing 
device 
layouts 
are considered 
to be new product 


designs, 
and full qualification 
is necessary. 


New 
Fabrication 
Processes-Qualifications 
are designed 


to evaluate 
the 
new 
process 
against 
the 
current 
process. 


Stress 
tests 
consist 
of operating 
life test, 
high-temperature 
operating 
life test, 
85/85 
humidity 
bias test and/or 
biased 


MIL-STD-883 


Method/Condition 


Plating (Tin/Gold)-Lead 
Finish 


QA-Plating 


Inspection/ 
Solderability 


Lead Clip and Form 


Seal, Fine 


(Hermeticity 
Check) 
1014 
5 x 10-8 


cc/sec 


Bubble Test- 


Fluorocarbon 


QA-Seal, 
Fine 


(Hermeticity 
Check) 


1014 
5 x 10-8 


cc/sec 


QA-Seal, 
Gross (Hermeticity 


Check) 


Bubble Test- 


Fluorocarbon 


Reliability 
(Continued) 


pressure 
pot (BPTH) test. In addition, 
package 
environment 
Failure 
Analysis 


tests may be performed. 
Evaluations 
are performed 
on vari- 
Failure 
analysis 
is performed 
on all units 
failing 
reliability 
ous 
products 
throughout 
the 
development 
stages 
of the 
stress 
tests. 
Failure 
analysis 
is offered 
as a service 
to sup- 
new process. 
Units 
stressed 
are generally 
from 
split wafer 
port manufacturing 
and engineering, 
and to support 
custom- 
runs. All processing 
is performed 
as a single wafer 
lot up to 
er returns 
and customer 
requested 
failure 
studies. 
The fail- 
the new process 
steps, where the lot is split for the new and 
ure analysis 
procedure 
used 
has been 
established 
to pro- 
the current 
process 
steps. Then the wafers 
are recombined, 
vide 
a technique 
of sequential 
analysis. 
This 
technique 
is 
and again 
processed 
as a single 
wafer 
lot. This allows 
for 
based on the premise 
that each step of analysis 
will provide 
controlled 
evaluation 
of the new process 
against 
the stan- 
information 
of the failure 
without 
destroying 
information 
to 
dard process. 
Both significant 
modifications 
to existing 
pro- 
be obtained 
from subsequent 
steps. The ultimate 
purpose 
is 
cess 
and transferring 
existing 
products 
to new fabrication 
to uncover 
all underlying 
failure 
mechanisms 
through 
com- 
plants 
are treated 
as a new process. 
plete, in-depth, 
defect 
analysis. 
The procedure 
places 
great 
New 
Packages 
or 
Assembly 
Processes-Qualifications 
emphasis 
on electrical 
analysis, 
both external 
before 
decap- 
are performed 
for new package 
designs, 
changes 
to exist- 
sulation, 
and 
internal 
micro-probing. 
Visual 
examinations 
ing piece 
parts, changes 
in piece 
part vendors, 
and signifi- 
with 
high 
magnification 
microscopes 
or SEM 
analysis 
are 
cant modification 
to assembly 
process 
methods. 
In general, 
used to confirm 
failure 
mechanisms. 
Results 
of the failure 
samples 
from three 
assembly 
runs are stressed 
to a matrix 
analysis 
are recorded 
and, 
if abnormalities 
are found, 
re- 
shown 
in Table 7-1.ln 
addition, + 100·C operating 
life tests, 
ported 
to engineering 
and/or 
manufacturing. 
85/85 
humidity 
bias tests, biased 
pressure 
pot (BPTH) tests 
Data Collection 
and Presentation 


and unbiased 
pressure 
pot tests 
are performed. 
Product 
reliability 
is controlled 
by first stressing 
the product, 
Reliability 
Monitors 
and then 
feeding 
back 
results 
to manufacturing 
and engi- 
Reliability 
testing 
of mature 
products 
is performed 
to estab- 
neering. 
This feedback 
takes 
two forms. 
There 
is a formal 
lish device 
failure 
rates, and to identify 
problems 
occurring 
monthly 
Reliability 
Summary 
distributed 
to all groups. 
The 
in production. 
Samples 
are obtained 
on a regular basis from 
summary 
shows 
current 
product 
failure 
rates, 
highlights 
production. 
These 
units are stressed 
with operating 
life tests 
problem 
areas, 
and 
shows 
the 
status 
of qualification 
and 
or package 
environmental 
tests. 
The results 
of these 
tests 
corrective 
action 
programs. 
Less 
formal 
feedback 
is ob- 
are summarized 
and reported 
on a monthly 
basis. When 
a 
tained 
by including 
reliability 
personnel 
at all product 
meet- 
problem 
is identified, 
the 
respective 
engineering 
group 
is 
ings, which 
gives 
high visibility 
to the reliability 
aspects 
of 
notified, 
and production 
is stopped 
until corrective 
action 
is 
various 
products. 
As a customer 
service, 
product 
reliability 
taken. 
data is compiled 
and made available 
upon request. 


Current 
testing 
levels are in excess 
of 14,000 units per year 


stressed 
with operating 
life tests, 
and 23,000 
units per year 


stressed 
with package 
environmental 
tests. 


TABLE 
7-1. Package 
Environmental 
Stress 
Matrix 


Test 


I 


MIL-STD-883 


Method 
I 
Condition 


GROUPB 


Subgroup 
1 
Physical 
Dimensions 
2016 


Subgroup 
2 
Resistance 
to Solvents 
2015 


Subgroup 
3 
Solderability 
2003 
Soldering 
Temperature 
of 260 ± 10·C 


Subgroup 
5 
Bond Strength 
2011 


(1) Thermocompression 
(1) Test Condition 
C or D 


(2) Ultrasonic 
or Wedge 
(2) Test Condition 
C or D 


GROUPC 


SUbgroup 2 
Temperature 
Cycling 
1010 
Test Condition 
C (- 65·C to + 150·C) 


Constant 
Acceleration 
2001 
Test Condition 
E (30 kg), Y 1 Orientation 
and X1 Orientation 
Test Condition 
D (20 kg) for Packages 
over 5 gram weight 
or 


with Seal Ring Greater 
than 2 inches 


Seal 
1014 


(a) Fine 
(b) Gross 
Visual Examination 
End-Point 
Electrical 


Parameters 
,. 


Reliability 
(Continued) 


TABLE 
7-1. Package 
Environmental 
Stress 
Matrix (Continued) 


Test 
I 


MIL-STO-883 


Method 
I 
Condition 


GROUPO 


Subgroup 
1 
Physical 
Dimensions 
2016 


Subgroup 
2 
Lead Integrity 
2004 
Test Condition 
B2 (Lead Fatigue) 
Seal 
1014 
As Applicable 
(a) Fine 
(b) Gross 
Lid Torque 
2024 
As Applicable 


Subgroup 
3 
Thermal 
Shock 
1011 
Test Condition 
B (- 
55°C to + 125°C) 15 Cycles Minimum 
Temperature 
Cycling 
1010 
Test Condition 
C ( - 65°C to + 150°C) 100 Cycles 
Minimum 
Moisture 
Resistance 
1004 
Seal 
1014 
(a) Fine 
(b) Gross 
Visual Examination 
End-Point 
Electrical 
Parameters 


Subgroup 
4 
Mechanical 
Shock 
2002 
Test Condition 
B (1500g, 0.5 ms) 
Vibration, 
Variable 
2007 
Test Condition 
A (20g) 
Frequency 
Constant 
Acceleration 
2001 
Same as Group C, Subgroup 
2 
Seal 


(a) Fine 
(b) Gross 
Visual Examination 
End-Point 
Electrical 
Parameters 


Subgroup 
5 
Salt Atmosphere 
1009 
Test Condition 
A Minimum 
(24 Hours) 
Seal 
1014 
As Applicable 
(a) Fine 
(b) Gross 
Visual Examination 


Subgroup 
6 


Internal 
Water-Vapor 
1018 


Content 


Subgroup 
7 


Adhesion 
of Lead Finish 
2025 


INTRODUCTION 
Users and software developers are placing increasing de- 
mands on the systems manufacturer to improve the per- 
formance of his products. Quite often, these demands can 
be reduced to two fundamental characteristics of the sys- 
tem, memory array size and system speed. larger and larg- 
er memory arrays are required to support the memory inten- 
sive demands of new software applications. Furthermore, 
as software complexity increases, the system is burdened 
with more and more software overhead. Greater operating 
speeds are demanded out of a system in order to support 
the enlarged software demands without burdening the user 
with a less responsive system. 
Historically, memory array sizes could be improved with the 
implementation of larger TTl 
memory devices. The im- 


proved density and availability of semiconductor memory 
devices over the past twenty years is well known. Memory 
density has improved at roughly a geometric growth rate. To 
some extent, the memory device could be treated as an 
ever increasing, self contained black box. The techniques 
used to integrate a 256k DRAM are virtually identically to 
those required of a 1k DRAM. It was up to the semiconduc- 
tor manufacturer (and in his best interest) to maintain a logi- 
cal progression from one device generation to the next. Dur- 
ing this same period of time, small to mid-level systems 
(personal computers, workstations, graphic display stations, 
etc.) were in their infancy. Eventhough, processors were 
fairly low in speed and performance, software sophistication 
was low. Not long ago, systems operating at eight MHz with 
32k of memory were highly respected workhorses. Now, 
systems are moving into 25 MHz speeds with multi mega- 
byte memories and are pushing into the dual digit MIP 
ranges. 
To satisfy these demands, systems manufacturers are find- 
ing themselves more and more involved with ECl device 
families. ECl 
devices have always provided improved 


speeds over TTl devices. In the past, the improved speed 
was always at the cost of lower memory density, increase 
power demands, and greater difficulty in system design and 
integration. For the manufacturer with low power or high 
density applications, ECl devices were not an acceptable 
solution. While a large memory array could be constructed 
out of ECl 256-bit or 1k memories, the array typically be- 
came so large and power hungry that it became cost prohib- 
itive. Furthermore, processor engines were typically not 
available to make use of this high speed memory. 
With the advent of the National Semiconductor's SiCMOS 
ECl memory products, the traditional shortcomings related 
to density and power consumption have been eliminated. 
ECl memories rival their TTl counterparts in density and 
power consumption. In addition, these memories retain the 
traditional ECl speed advantage over their TTl 
cousins. 
Furthermore, ECl system environments offer distinct ad- 
vantages over TTl environments which can enhance sys- 
tem performance. 


System 
Environments 
(ECL vs TTL) 
As mentioned previously, for low speed/performance sys- 
tems, ECl devices are more difficult to integrate into a sys- 
tem than TTl devices. This is due to the particular electrical 
requirements for ECl devices. Correctly implementing an 
ECl device is more than simply connecting an output of one 
device to an input of another. The system environment that 
an ECl device is placed in is defined (loading, network ter- 
minations, line impedances, etc.) and the device is designed 
specifically for this environment. A TTl device on the other 
hand is not designed for any particular system environment. 
While this aids the TTl 
device in fitting into general use 


applications, it is a major stumbling block for high speed 
applications. 


For example, TTl device outputs are designed for load con- 
ditions related to TTl input conditions. Figure 1a shows a 
common (databook) TTl test load configuration. This load is 
an approximation of multiple TTl input loads. When the out- 
put is in the HIGH state (;;, 2.4V), the load will sink a mini- 
mum of 4.0 mA. Conversely, when the output is in the lOW 
state (OS; O.4V),the load will source a minimum of 8.0 mA. 
These are common VOH/IOH and VOL/IOL DC conditions. 
The device is designed and tested to this set of conditions. 
As long as the device is placed in an environment such that 
signal paths are relatively short, the TTl output will behave 
as expected. However, if the device is placed into a trans- 
mission line environment the output characteristics will 
change depending on the characteristics of the signal line. 
(A transmission line environment exists if the overall length 
of the signal path is a significant (0.25) fraction of the rise/ 
fall time of the device output. The greater the fraction, the 
more the environmental effects.) If the transmission line net- 
work is designed for this type of loading, then there is a 
clean signal transmission; unfortunately, it is very difficult to 
obtain such a network for TTl devices. If the network is not 
characteristic of this load, then signal reflections and distor- 
tions result. These can delay signal propagation speeds 
through the system and affect overall system performance. 


Vcc 


• 


Theoretically, a transmission line network can be designed 
for a TIL load. Figure tb shows the Thevenin equivalent of 
the TIL 
load. This equivalent load has the same loading 
properties as the original load. From this Thevenin load, a 
transmission line matching load can be derived (see Figure 
te). 
The transmission line load is equivalent to the data· 
book load with the exception of the physical propagation 
delay of the transmission line. A device output will behave 
exactly the same with this load as it would with the databook 
load. The signal itself would be delayed by the transmission 
line, but not distorted. A device input at the other end of the 
line would see an undistorted TIL output waveform. 


~2U 
03 
VCC 


Unfortunately, TIL systems are not designed with this type 
of loading scheme. Figure 2 shows a more commonly found 
environment. Note that the signal line impedances are lower 
than the ideal. High impedances in printed circuit boards are 
difficult to manufacture and are not commonly found. Quite 
often 750-1000 
is an upper limit. Also, the transmission 
line is unterminated. The ideal transmission line load used a 
166.50 
resistor terminated to 3.33V. Terminated lines 
would require an additional power supply and many discrete 
resistors to implement. These differences equate to reflec- 
tions on the signal paths. These reflections can result in 
delays in data transmission. 
Figure 3a shows IV curves of TIL inputs and outputs in the 
HIGH state. These curves can be equated to time domain 
reflection diagrams illustrating the signal integrity. For the 
example of a 1000 environment, Figure 3b shows the re- 
sulting waveforms. For this example, any input at the far end 
of the line will receive a relatively clean signal. The signal is 
above the VIHlevel at t = T and data can be properly identi- 
fied. The slight bump at t = 3T only cleans up the signal 
futher. The problem arises if another input is placed near 
the device output. Due to the reflection from the far end of 
the line, the input at A (device 2) has to wait until t = 2T 
before it receives clear identifiable data! Furthermore, any 
input placed somewhere between the output and the end of 
the transmission line will see some distorted signal which 
may not provide a valid data transition until t = 1.5T. This 
example is relatively simple; even still, such a reflected de· 
lay can amount to a significant percentage of the overall 
cycle rate and can cause a marked degradation in system 
speed. Depending on the type of routing scheme used, and 
the actual impedances of the PCB, even greater delays can 
occur. 
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FIGURE 3b. Reflection 
Diagram 
for Transition 
to High State 


For ECl devices placed into their specified environment, 
reflections are not a concern. ECl devices are designed 
specifically for (500) transmission line networks. Figure 4a 
shows the databook load for ECl devices. This load is not 
only the test load for the device, it is also the specified load 
for the system environment. This load is a Thevenin equiva- 
lent and can be easily translated into an equivalent trans- 
mission line load (see Figure 4b). As was the case with the 
idealized TTl transmission line load (Figure 1e), this load 
will transmit data cleanly with only the physical delay of the 
transmission line being a factor in propagation speeds. 


Unlike the typical TTl application, the typical ECl applica- 
tion utilizes this loading scheme (see Figure 4e). Conse- 
quently, there are no reflections or distortions of the signal 
transitions. Figure 5a shows the IV curves of ECl output 
lOW and HIGH conditions. Figure 5b shows the resulting 
time domain reflection diagram. This signal is cleanly propa- 
gated along the network until it arrives at the end of the line. 
Due to the fact that it is a properly terminated transmission 
line, there is no reflection. Any input placed along the line 
wil see a clean signal transition delayed by the propagation 
delay of the line to that point! The worst case delay for the 
signal is t = TI 
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FIGURE 4c. "Typical" 
Application 
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FIGURE 
5b. Reflection 
Diagram 


for Transition 
to High State 


since 
they 
have 
open 
emitter 
outputs 
and 
are specifically 


designed 
to be used in wired-or 
bus configurations. 
Figure 


5a shows 
a typical 
"party 
line" 
connection. 
In this 
case, 


care 
must 
be taken 
to minimize 
the 
physical 
distance 
be- 


tween 
the two outputs. 
If the distance 
is large enough, 
the 


signal 
line between 
the two outputs 
will act as a transmis- 


sion line (Figure 
5b). For the output 
in device 
1 this doesn't 


cause 
a problem, 
because 
it is at one end of the transmis- 


sion line. However, 
device 2 is in the middle 
of the transmis- 


sion line. The output 
in device 
2 sees two transmission 
lines 


in parallel. 
The result is that the output 
sees the equivalent 


of a 2SD. transmission 
line for 
some 
length 
of time. 
This 


causes 
impedance 
mismatches 
at the terminated 
load and 


results 
in signal reflections. 


ECl 
System 
Design Considerations 


Due to the terminated 
impedance 
environment 
required 
by 


ECL devices, 
there are a few basic routing 
rules which 
must 


be followed. 
Before 
designing 
an ECL system, 
an under- 


standing 
of these 
basic routing 
conditions 
should 
be under- 


stood. 
Some 
of 
the 
basic 
considerations 
are 
discussed 


here; a more comprehensive 
discussion 
can be found 
in the 


National 
FlOOK ECL User's 
Handbook. 


The most straight 
forward 
connection 
method 
was shown 
in 


Figure 
4c. This method 
simply 
places 
a SOD. resistor 
at the 


input to the next device 
to provide 
a series terminated 
load. 


In some cases, 
it is desirable 
to connect 
several 
outputs 
to 


a common 
bus. This is particularly 
desirable 
for ECL devices 


Zo = son 
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FIGURE 
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Figure 7a shows an incorrect signal termination method. 
The parallel terminations cause the impedance that the de- 
vice output sees to drop to 16.70. An impedance mismatch 
occurs at node A where the transmission lines split. Reflec- 


tions and disturbed signal integrity can result. A correct ter- 
mination method for bus configurations is shown in Figure 
7b. This configuration has only one terminated load and 
maintains a 500 environment throughout. 


• 


ECl 
PCB Design Considerations 


In order to design a printed 
circuit board for an ECl 
system, 


many factors 
have to be considered. 
The ultimate 
goal is to 


develop 
a PCB with transmission 
line impedances 
as close 


to 50.0. as possible. 
In order to accomplish 
this, the geome- 


try of the board 
itself and the properties 
of the ECl 
device 


must be considered. 


Figure 8 shows 
a PCB cross-section 
of several 
,",strip trans- 


mission 
lines. The factors 
affecting 
the overall 
impedance 
of 


the 
board 
are the 
metal 
thicknesses, 
widths, 
heights, 
and 


spacings; 
and the 
dielectric 
constants 
and thicknesses 
of 


the 
dielectric 
materials. 
For example, 
the 
impedance 
of a 


micros trip line can be found 
from: 


Zo = [87/y(e, 
+ 1.41)]* In [4.98h/(0.8w 
+ tll 


where 
h = dielectric 
thickness, 
w = trace width, 
t = trace 


thickness, 
e, = dielectric 
constant 
of board material 
relative 


to air. 


This 
formula 
can 
be used to calculate 
the 
undisturbed 
or 


"unloaded" 
impedance 
of the PCB. Packaged 
devices 
have 


inherent 
capacitive 
and inductive 
characteristics 
which 
can 


load a PCB transmission 
line. What is desired 
from the sys- 


tem point of view is that the final or "loaded" 
impedance 
of 


the board 
is equal 
to 50.0.. The capacitance 
of the device 


affects 
the final 
impedance 
of the 
PCB. Figure 
9 shows 
a 


discrete 
RlCM 
model 
of 
the 
transmission 
line 
network 


shown 
in Figure 8 and Figure 
10 shows 
the effect 
of adding 


a device 
to this network. 
Capacitors 
CD1, CD2 are the ca- 


pacitances 
of two device 
inputs. These capacitors 
are paral- 


lel to the 
capacitors 
of the 
transmission 
line and 
thus 
in- 


crease the overall 
capacitance 
of the transmission 
line. The 


inductors 
(lD1, 
LD2) are the inductances 
of two device 
in- 


puts. Though 
these 
inductors 
are parallel 
to the transmis- 


sion line, they do not affect the overall 
characteristics 
of the 


transmission 
line 
because 
they 
lead 
into 
an 
open 
circuit 


(they 
device 
itself). 
Consequently, 
the 
dominant 
effect 
of 


adding devices 
to a PCB is the increased 
capacitance 
of the 


PCB. 
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FIGURE 
8. Geometric 
Model of PCB 
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FIGURE 
9. RlCM 
Network 
Model for PCB (Unloaded) 
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For example, 
an unloaded 
PCB transmission 
line could have 
the following 
properties: 


CD (characteristic 
capacitance) 
:::: 1.44 pF/cm 
lo 
(characteristic 
inductance) 
:::: 3.61 nH/cm 


Since 
the impedance 
of a transmission 
line is equal 
to the 
square 
root of inductance 
divided 
by the capacitance, 


Zo (characteristic 
impedance) 
:::: 50.10 
[unloadedl. 


If we 
want 
to 
place 
5 devices 
along 
this 
line 
(10 cm 
in 
length) 
and each 
device 
has an input capacitance 
Cdut = 
2 pF, the resulting 
impedance 
of the transmission 
line would 
be: 


Zo'(loaded) 
= V(lo)Iv'(Co 
+ Cdut) 
= V 
(3.61 nH/cm)IV[1.44 
pF/cm 
+ 


(2 pF/device 
• 5 devices/10 
cm)) 


:::: 38.50 


This impedance 
is significantly 
lower than 
the 500 
imped- 


ance which 
is needed. 
Consequently, 
the designer 
must de- 
sign his unloaded 
board to a sufficiently 
high impedance 
so 


that after the board 
is populated 
it will measure 
500. 


Modeling 
of Loaded 
Transmission 
Lines 


Using the RlCM 
model shown 
in Figure 
10, a SPICE model 


can be constructed 
to evaluate 
the effects 
of increased 
de- 


vice capacitance 
on the PCB. 


Figures 
11-13 show the output 
from 
such a SPICE model; 


the transition 
modeled 
is a low to high transition 
at nominal 


ECl 
levels. 
The 
transmission 
line 
model 
was 
tuned 
to a 


specific 
capacitance 
value for the device. 
As expected, 
the 


SPICE 
output 
predicts 
an underdamped 
condition 
for the 


unpopulated 
board 
(Figure 
11). The 
transition 
first 
over- 
shoots 
and then 
undershoots 
the nominal 
VIH 
level. As ca- 


pacitance 
is added, 
the transition 
gets closer 
and closer 
to 


the ideal matched 
condition. 
Figure 
12 shows 
the effects 
of 


an "overloaded" 
line. In this case, 
the capacitance 
of the 


device 
is not totally 
compensated 
by the PCB. Consequent- 


ly, the signal undershoots 
and then overshoots 
the nominal 


VIH level. 


Figure 
13 shows 
the 
resulting 
signal 
of a tuned 
"loaded" 


transmission 
line. Due to the design 
of the transmission 
line, 


the added 
capacitance 
of the device 
is compensated 
by the 


intentional 
addition 
of increased 
line inductance. 


IDEAL 


TRANSMISSION 
LINE 
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Summary 


For maximum 
performance, 
layout and construction 
require- 


ments on printed 
circuit boards 
for next generation 
systems 


must 
become 
more 
demanding. 
While 
at first 
glance, 
de- 
signing 
with ECl devices 
poses 
more 
difficulties 
for a sys- 
tem designer 
than TIl 
devices, 
if the goal is to obtain 
high 


system 
performance 
then ECl devices 
offer significant 
ad- 
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vantages. 
Because 
of the fact that they are designed 
specif- 


ically for high speed environments, 
the ECl device 
is easier 


to integrate 
into a high speed 
system. 
With the geometries 


and characteristics 
of the printed 
circuit 
board 
and the de- 


vice 
considered 
as a unit, 
a network 
can 
be designed 
to 


produce 
a clean 
controlled 
impedance 
environment 
for an 


ECl device 
much easier than for a comparable 
TIl 
device. 


Using the F100250 for 
Copper Wire Data 
Communications 


Ideal "digital" 
signals 
do not exist, especially 
when the sig- 
nal must travel from source 
to destination 
over any current- 
carrying 
conductor. 
The world of "digital" 
signals 
is truly the 
world 
of 
high-frequency 
analog 
and 
radio-frequency 
(RF) 
amplifiers 
and 
energy 
transmission 
systems. 
This 
is espe- 
cially true for the case of high-speed 
copper 
wire data com- 
munications 
networks. 
The 
problems 
of 
sending 
signals 
over the wire interface, 
whether 
a printed 
circuit 
board 
or a 
coaxial 
cable, 
require 
a knowledge 
of transmission 
line the- 
ory. 


To effectively 
use devices 
like the F100250 
Line Transceiv- 
er in high-speed 
data communications 
networks, 
the system 
designer 
needs 
to 
be 
acquainted 
with 
several 
subjects 
among 
which 
are: the effects 
of using pulse excitation 
on a 
transmission 
line, 
a knowledge 
of the 
various 
forms 
and 
modes 
of data-transmission-Iine 
circuit 
operation, 
familiarity 
with the problems 
of working 
with long transmission 
lines, a 
working 
knowledge 
of the driver and receiver, 
their electrical 
characteristics, 
and where 
and how to use them. This appli- 
cations 
note cannot 
treat the whole 
subject 
of "digital" 
data 
transmission 
since the scope 
of that subject 
could 
and has 
filled whole volumes. 
This note will touch upon the transmis- 
sion 
line topic 
in conjunction 
with 
offering 
helpful 
sugges- 
tions 
on 
how 
to 
more 
effectively 
use 
the 
F100250 
Line 
Transceiver. 


F100250 
DESCRIPTION 
AND OPERATING 
FEATURES 


The F100250 
is a quintuple, 
differential-line 
transceiver 
with 
the unique 
capability 
of being 
able to transmit 
and receive 
differential-mode 
signals 
simultaneously 
on the same trans- 
mission 
line. The F100250 
is part of the National 
Semicon- 
ductor 
F100K 
ECl 
family. 
As such 
it shares 
ECl 
interface 
signal characteristics 
in common 
with the F100K 
family. 


The circuit 
of the F100250 
(Figure 
1) is comprised 
of a line 
transmitter 
with 
differential 
output, 
a differential 
receiver 
with transparent 
latch, signal 
separation 
circuitry, 
and inter- 


nal line termination 
circuitry. 
The transmitter 
is a single-end- 
ed input 
to differential-output 
amplifier 
which 
connects 
to 
the line through 
an active-resistive 
bridge network. 
This net- 
work 
provides 
the correct 
driving-point 
and termination 
im- 
pedances 
for the transmission 
line and forms 
part 
of the 
received-signal 
separation 
circuitry. 


National Semiconductor 
Application 
Note 582 
Jim Mears 


The receiver 
consists 
of a voltage 
subtractor 
and hysteresis 
circuit 
followed 
by an amplifier 
and emitter-follower 
output. 


The 
receiver 
has 
a 
common-mode 
voltage 
immunity 
of 
± 1V. The possibility 
of oscillation 
in response 
to slow 
rise 
or fall times is reduced 
by using hysteresis; 
and the ability to 
detect 
noisy signals 
is improved. 
The typical 
hysteresis 
level 
of the F100250 
is 50 mV. 


The receiver 
incorporates 
a transparent 
latch for data reten- 
tion 
in 
synchronous-type 
operations. 
The 
level-sensitive, 
latch 
ENABLE 
pin simultaneously 
controls 
the operation 
of 
all latches 
in the part. Data present 
on the line inputs 
(l and 
L) prior to taking 
ENABLE 
high is retained 
in the latch, 
as- 
suming 
proper 
setup 
and 
hold 
timing 
is met. The 
latch 
is 
fully transparent 
when 
ENABLE 
is low. 


Termination 
is provided 
internally 
for 30 AWG 
twisted-pair 


lines which 
have a nominal 
impedance 
of 1500. 
Higher 
or 
lower impedance 
values 
may be accommodated 
by use of a 
suitable 
external 
termination 
network. 


Bi-Directionality 


The hallmark 
of the F100250 
is its ability to simultaneously 
send 
and 
receive 
differential-mode 
NRZ 
signals 
over 
the 
same 
line. This operational 
mode 
is known 
as "baseband 
full-duplex". 
By contrast, 
full-duplex 
operation 
is normally 
accomplished 
using 
frequency-division 
multiplex 
(FDM) 
techniques. 
A common 
example 
of which 
is the 103 or 212A 
telephone 
line 
modem. 
The 
F100250 
uses 
a 
balanced- 


bridge 
to separate 
the transmitted 
and received 
baseband 
signals. 


The F100250 
can also operate 
in a uni-directional 
manner. 


It is suggested 
that 
the input to the transmitter 
for the un- 


used direction 
be held at a fixed 
mark or space 
level. The 
ECl 
signal 
inputs 
(Sin 
1-5) 
incorporate 
50 kO 
pull-down 
resistors 
for the purpose 
of holding 
the 
unused 
input 
at a 
low (inactive) 
logic level. 


The 
F100250 
cannot 
operate 
in a party-line 
or multi-drop 
mode 
due primarily 
to the fact that the transmitter 
outputs 
cannot 
be turned 
off 
(I.e., made 
high-Z 
or TRI-STATE!!». 


Also, 
connecting 
more 
than 
two 
devices 
to the 
line would 
cause 
a multiple 
mismatch 
to occur 
since the device's 
out- 
put is self-terminating. 
This 
restriction 
should 
present 
few 
problems 
since 
the primary 
use for the 
F100250 
will be in 
the highest 
speed 
point-to-point 
type applications. 


SUITABLE 
TYPES 
OF TRANSMISSION 
LINES 


Twisted-Pair 
Lines 


The F100250 
is designed 
for operation 
over 1500, 
30 AWG 
twisted-pair 
lines. 
However, 
it will operate 
with a variety 
of 
other 
line types 
and impedances 
if an appropriate 
termina- 
tion method 
is used as will be shown 
in the application 
ex- 
ample. 


Twisted-pair 
transmission 
lines 
(Figure 
2) 
are 
available 
shielded 
and unshielded, 
singly 
and in multi-pair 
cables, 
in 
popular 
ribbon 
configurations 
and in combinations 
of these. 


Impedances 
range from 930 
for 32 AWG solid, unshielded, 


ribbon 
cable 
to 
1240, 
25 
AWG, 
multiple, 
individually- 


~ 


DATA 
+ 
DATA 
IN 
Xm 
VR 
OUT 


shielded pair and the aforementioned 1500., 30 AWG, un- 
shielded, individual pair. Twisted-pair lines exhibit substan- 
tial attenuation and dispersion. This may be seen as the 
rounding and slowing of fast rise-time signals as they travel 
down the line. Attenuation can range from 10 dB to over 
30 dB per 100 feet at 100 MHz. Propagation velocities 
range from 0.66 to 0.78 the speed of light (1.3 ns to 1.6 ns/ 
ft). In addition, the electrical characteristics of twisted-pair 
lines do not permit their analysis by the more traditional 
methods used for coaxial lines. For this reason, the engi- 
neer designing twisted-pair wire transmission systems must 
be equipped to take and interpret measurements on the 
particular line type chosen for the application. This is the 
best, and in some cases the only, way in which the capabili- 
ties and limitations of the particular driver-line-receiver com- 
bination may be understood. Test equipment and fix1uring 
will be described later in this note to help in making mean- 
ingful measurements. 


Multiple-Pair 
Cables 


Multiple twisted pair cables are a popular method of inter- 
connecting computing equipment and peripheral devices. 
Additional considerations must be given when using these 
types of cables. Some of these are: pair-to-pair coupling 
and capacitance, pair-to-shield capacitance and pair-to-pair 
relative propagation delay difference. For example, the 
propagation delay of a single pair in the cable may be 
1.5 ns/lineal-foot and the relative delay between pairs is 
0.5 ns/lineal-foot. The design value for the actual per-unit 
delay would be 1.45 ns to 1.55 ns/lineal-foot. That is, the 
cable will exhibit a pair-to-pair per-unit-Iength delta-delay of 
0.10 ns. This delta-delay value can be considered additive 
per unit length between any two given pairs. However, the 
overall delay value for a length of the cable will be that of 
the pair with the longest electrical delay. The overall rel- 
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ative delay of the cable will be the difference between those 
pairs with the longest and shortest electrical lengths. This is 
an important delay factor to be considered in determining 
the minimum unit interval (hence, the maximum data rate) 
which can be propagated by the network. 
There is another point to remember when determining the 
delay of multi-pair cables. The delay figures specified in ca- 
ble data sheets (when given) are normally expressed as 
delay-per-unit cable length. This value is greater than the 
actual delay-per-lineal-foot of the pair itself because the lay- 
ers of pairs are laid-up in a spiral wrap. The fact that the 
outer pairs traverse a greater distance due to the spiral wrap 
usually means that they have greater delay per unit cable 
length than the inner layers of pairs. 


Coaxial 
Cables 
Coaxial cables offer a near ideal transmission medium for 
"digital" data communications signals. Among their more 
desirable features are: a high degree of shielding, wide 
bandwidth capability, high velocities of propagation and low 
attenuation at high frequencies. Coaxial cables are now 
available paired and in multiple (or ribbon) configurations. 
Impedances range from 500. to 1250. for standard coaxial 
cables and up to 2000. for twinaxial cables. Appendices A 
and B give a partial list of available coaxial cable with abbre- 
viated data. 
Ribbon coax offers a convenient and compact transmission 
line with mass-termination connector capability. Normally 
available in 750. and 930. versions, it has excellent shielding 
properties because of its foil shielding. Available types have 
moderate attenuation and high propagation velocity. 


Terminating coaxial cables is easily done with a parallel ter- 
mination resistor or by terminating each coax individually as 
shown in Figure 
3. 


As with twisted-pair cables, the electrical length of both co- 
axial cables used for the differential pair must be the same. 
It is usually desirable to temperature-cycle and flex the ca- 
ble prior to cutting and measuring to electrical length. This 
will relieve stresses resulting from manufacturing and stor- 
age on spools. Without stress-relieving, the cable may 
change in physical length and therefore in electrical length 
with unpredictable results for network timing. 


Measuring 
the Electrical 
Length 
of Cables 
Measurement of the electrical length of cables, coaxial or 
twisted-pair, can be done using a time-domain reflectometer 
(TDR) which measures physical length by determining the 
round-trip delay of a fast rise-time pulse signal. The TDR 
can also be used to check for defects in the cable such as 
shorts or opens and impedance discontinuities caused by 
sharp bends or kinks. However, the accuracy of the TDR, 
usually 1%, does not allow precise length or timing mea- 
surements to be made, especially on very short or long 
lengths. More precise measurements require the use of 
multi-frequency phase delay techniques using a vector volt- 
meter or network analyzer and precision frequency sources. 


Transmission 
Lines on Printed 
Circuit 
Boards 


Printed circuit wiring may also be used as interconnections 
for the F100250. Line impedances of 750. to 100n are easi- 
ly achieved with conventional manufacturing technologies. 
The main points to observe when laying out differential net- 
works on printed wiring boards are: that both conductors be 
the same electrical length and that they are the same im- 
pedance. This will insure that no skewing of the differential 


OPTIMUM 
RECEIVER 
THRESHOLD 


FOR MINIMUM 
JITTER 


signal occurs at the receiver input. Skewing appears as an 
offset in input differential voltage to the receiver. 


A wealth of information on printed wiring design is contained 
in the "F100K Eel Databook and Design Guide", Differen- 
tial techniques are also covered. 


Estimating 
Signal Quality 
Before proceeding to the F100250 data transmission sys- 
tem design example, some concepts and terms for the vari- 
ous signal abberations which will be encountered need to 
be defined, 
Signal quality is concerned with the variation between the 
ideal instants of the original data signal and the actual tran- 
sition times of the recovered data signal (Figure 
5). Recov- 


ered data transitions may be displaced in time from their 
ideal instants. This is caused by a new wave arriving at the 
receiver before the previous wave has reached its final val- 
ue. This is termed "intersymbol interference". It can be re- 
duced by making the unit interval of the signal long with 
respect to the rise (or fall) time of the signal at the receiver 
input. Reducing the modulation rate for a given line length 
or vice versa will reduce this form of interference, 


Another form of received-signal distortion present with syn- 
chronous signalling, like NRZ, is "isochronous distortion", 
This is the ratio of the unit interval to the absolute value of 
the maximum measured difference between the actual and 
theoretical significant instants. In other words, it is the per- 
centage of the unit interval that is peak-to-peak time jitter of 
the data signal (Figure 4). If the peak-to-peak time jitter of 
the transition were one-half of the unit interval, the isochro- 
nous distortion would be 50%. 
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mined 
by data 
transmission 
system 
characteristics. 
Other 


forms 
of randomly-occurring 
distortion 
such 
as noise 
and 


crosstalk 
are called "fortuitous 
distortion". 
These are due to 


factors 
outside 
the data transmission 
system. 


Signal Quality Measurement 


Measurements 
of signal quality on any transmission 
system 


should 
always 
be designed 
to show the effects 
of intersym- 
bol interference 
and bias distortion. 
This means that the test 


signal 
must be capable 
of showing 
both effects. 
The use of 
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of interference 
by its unpredictable 
bit sequence. 
A pseudo- 


random 
NRZ data generator 
built from standard 
F100K Eel 


devices 
is shown 
in Figure 
6. This circuit 
is capable 
of pro- 


ducing 
a random 
sequence 
(2E20)-1 
bits in length 
at fre- 


quencies 
up to about 240 MHz. When the data produced 
by 
this circuit 
is transmitted 
over the line and viewed 
on a suit- 


able oscilloscope, 
a so-called 
"binary 
eye pattern" 
will be 


seen. This pattern 
results from the superposition 
of alternat- 
ing mark 
and space 
bits during 
each 
unit interval. 
It is so 
called 
because 
the pattern's 
center 
resembles 
an eye. 
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Note 1: Termination 
resistors 
not shown. 


Note 
2: Split supplies for test equipment 
convenience. 


Note 3: Clock input 230 MHz max. 
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The eye-pattern is a useful tool to measure data signal qual- 
ity (Figure 
7). The spread of transitions crossing the receiver 


input threshold can be used as a direct measure of isochro- 
nous distortion (peak-to-peak jitter). Rise and fall time can 
be measured by using the self-references of 0% and 100% 
resulting from the long sequence of mark and space bits. 


INPUT TO LINE 
-----:0;----- 


SINGLE 
0--1 
TRANSITION J 


The noise margin of the system can be measured as the 
height of the trace above or below the receiver threshold 
level at the sampling instant. The eye-pattern can even be 
used to determine the characteristic impedance of the 
transmission line. The method is discussed in Appendix C. 
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The eye-pattern gives, in some ways, the minimum peak-to- 
peak transition jitter for a given line length, type, pulse code, 
and modulation rate. This is because the pattern results 
from intersymbol interference and reflections (if present). 
Minimum jitter conditions only result if: 1) the mark and 
space signal levels from the driver are symmetrical and the 
receiver's threshold is set at the mid-point of these levels; 2) 
the line is terminated in its characteristic impedance; and 3) 
propagation delays through both transmitter and receiver for 
both logic states is symmetrical and without relative skew. 
Signal quality is reduced if any of these conditions is not 
met. 


The decision threshold shown by the displayed eye-pattern 
for a particular driver and modulation rate shows the effects 
of receiver bias (or threshold ambiguity) and offset. The 
slope is small in the threshold region for signals with greater 


than 20% isochronous distortion. Therefore, small amounts 
of bias produce large increases in isochronous distortion. A 
good practice is to design systems to have less than 5% 
transition spread as shown in the eye-pattern. This mini- 
mizes the effects due to bias and simplifies design require- 
ments for line transmitters and receivers. 


Application Example- 
Putting the F100250to Work 
The F100250 excells at transmitting over twisted pair wiring. 
Figure 
8 shows an example using 50 meters of 106D., 


26 AWG, unshielded pair. The pair used is one of 25 in a 
multi-pair cable specifically designed for digital signal trans- 
mission. Note that termination resistors have been added 
for improved impedance matching to the F100250 line ter- 
minals. The scope photos in Figures 
98 and 9b show the 
composite signal conditions at the receiver input. Two pseu- 
do-random signals, 10 MHz and 50 MHz, are present on the 
line in this example. 


TEST 
POINT 


figure 


lIb 


FIGURE 8. Twisted Pair Test Circuit 
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TLiF/9564-9 
FIGURE 
9a. Composite 
Signal at Receiver 
Input 


(50 MHz) Showing 
Both 10 MHz and 50 MHz Signals 
on the Line (Differential 
Mode) 


TL/F/9564-10 


FIGURE 
9b. Composite 
Signal at Transmitter 
Output 


(50 MHz) Showing 
Both 10 MHz and 50 MHz Signals 
on the Line (Differential 
Mode) 


Figure 
9a shows 
the composite 
signal 
at the receiver 
input 


for the 50 MHz signal. 
Note 
that 
both 
signals 
appear 
with 


the received 
signal 
(50 MHz) 
"riding 
on" 
the locally 
trans- 


mitted 
signal 
(10 MHz). Figure 
9b shows 
the 50 MHz signal 


as transmitted. 
Signal attenuation 
is approximately 
2 dB for 


the 50 MHz signal. 


TLiF/9564-11 


FIGURE 
10a. 50 MHz Signal at Receiver 
Input. 


(Intensification 
Due to Overlapping 
10 MHz Signal) 


20 ns/div. 
Horlz. 


TL/F/9664-12 


FIGURE 
10b. 50 MHz Signal at Receiver 
Input. 


10 ns/dlv. 
Horlz. Peak-to-Peak 
Jitter 
Is Less Than 40% Total. 


Figures 
10a and 10b show the 50 MHz signal at the receiver 


input. The peak-to-peak 
jitter from all sources 
is about 40% 


maximum. 
Figure 
11a shows 
the 50 MHz signal 
at the line 


input 
(differential 
mode) 
and Figure 
11b shows 
the 
recov- 


ered 
50 MHz 
signal 
at the 
receiver 
output. 
The 
effective 


jitter can be seen in the recovered 
signal. 
It is important 
to 


note 
that 
the 
F100250 
exhibits 
no 
threshold 
shift 
which 


would 
contribute 
to bias distortion. 


TL/F/9564-13 


FIGURE 
11a. 50 MHz Signal at Transmitter 
Output 
(Line Input) 


APPENDIX 
A-TWISTED 
PAIR CABLES 


TL/F/9564-14 


FIGURE 
11b. 50 MHz Signal at Receiver 
Output 
(Recovered 
Signal). Shows 
Effect 
of Jitter on Output. 


Cable 
AWG 
Zo 
Co 
Attenuation 


Manufacturer 
Vp 
6dBVLlmit 
Type 
Wire Size 
n 
pF/ft 
k Feet 


Unshielded 
Com'l 
28 
100 
0.66 
15.5 
0.77 


28 
120 
0.78 
11.0 
0.9 


26 
106 
0.66 
12.0 
2.7 


24 
100 
0.66 
15.5 
2.1 


24 
120 
0.66 
12.8 
2.5 


24 
100 
0.78 
12.5 
2.1 


22 
100 
0.66 
15.5 
3.0 


Individually 
Com'l 
24 
100 
0.78 
12.5 
2.1 


Shielded 
25 
124 
0.66 
12.2 
1.9 


• 


APPENDIX 
B-COAXIAL 
CABLES 


Part 
Zo 
Co 
Attenuation 


Cable 
Manufacturer 
Vp 
dB/100 
ft 


Type 
Number 
.n 
pF/ft 
@ 100 MHz 


COAXIAL 


Single 
Com'l 
RG-59/U 
75 
0.78 
17.3 
3.0 


Belden 
8281 
75 
0.66 
21.0 
2.7 


Dual 
Belden 
9555 
75 
0.66 
20.5 
3.4 


Alpha 
9845 
75 
0.66 
20.5 
3.4 


Single 
Com'l 
RG-62/U 


RG-62A1U 
93 
0.84 
13.5 
2.7 
RG-62B/U 


MIL·C-17F 


Belden 
9393 
93 
0.78 
14.0 
8.8 


Alpha 
9063B 
125 
0.84 
9.6 
1.5 


TWINAXIAL 


Com'l 
RG·22B/U 
95 
0.66 
16.0 
3.0 


Belden 
8227 


9207 
100 
0.66 
15.5 
4.1 


9815 


Belden 
9271 
124 
0.66 
12.2 
5.0 
9860 


Belden 
9182 
150 
0.78 
8.8 
4.3 


Belden 
9851 
200 
0.76 
6.7 
4.0@50MHz 


RIBBON 


Belden 
9K750XX 
75 
0.78 
17.1 
7.5 


9K930XX 
93 
0.78 
14 ±2 
5.0 


Trom Simple measurements 
uSing the eye pattern. 
Either of 


two 
methods 
may be used. 
In one method 
the voltage 
re- 


flection 
from 
a known 
termination 
is used to calculate 
Z00 
The second 
method 
uses direct 
resistance 
measurement 
to 


find Z00 


Voltage 
(Indirect) 
Method 


In the voltage 
method 
(Figure 
CI), 
the signal generator 
fre- 


quency 
is set such that the unit interval 
of the eye pattern 
is 


li::tftlflU UI utt:J line. l'",eXI, me vonage 
altne 
ana Of lne 011cell 


(Vnom) is measured. 
The line impedance 
can then be calcu- 


lated using the following 
formula 
to about 
5% accuracy. 


Zo = Rt' 
«2 • VpeaklVnom) 
- 
1) 


For the waveform 
shown 
in Figure 
C2b, a 510, 
5% resistor 


is used as the termination. 
The peak line voltage 
is 390 mY. 


The voltage 
at the end of the bit cell is 240 mY. This gives a 


line impedance 
of 114.70. 


RT = Suitable 
fixed resistor (voltage 
method) 
or 2500 
to 3000 
variable 
resistor (cermet 
potentiometer) 
for direct method 


FIGURE 
C1. Line Impedance 
Test Setup 
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Incidentally, the round·trip delay of the line, represented by 
the rising portion of the waveform, is 520 ns. Since the ca- 
ble sample is 50 meters (164 fl.) long, the delay per foot can 
be estimated to be 1.6 ns per foot. (The data sheet for the 
cable sample used specified the delay of the pair as 
1.575 ns to 1.6 ns per foot and the impedance as 101.50 to 
1050.) 


Resistance 
(Direct) 
Method 
The same test setup is used as for the voltage method. A 
variable resistor is substituted for the fixed termination. The 
value chosen should be in the range of 2500 to 3000. 


Figures 
C3a through 
C3c illustrate 
the three 
possible 
condi- 


tions 
of 
termination 
which 
can 
be achieved. 
Figure 
C3a 


shows 
the 
under-terminated 
condition 
where 
the 
termina- 


tion value 
is greater 
than the line impedance. 
Figure 
C3b is 


the over-terminated 
condition 
where the termination 
value is 


less than the line impedance. 
Finally, Figure C3c shows 
the 


condition 
where the termination 
is adjusted 
to match the line 


impedance. 
When 
this 
condition 
is achieved, 
the value 
of 


the termination 
variable 
resistor, 
and hence 
the line imped- 


ance, 
may be read using an Ohmmeter. 


Using the direct 
method 
to measure 
the same 
pair sample 


gave a value of 105.9.0. for the line impedance. 
This method 


is preferred 
since 
it is simple 
and accurate. 
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o 
II) 
~ 
The Eel System Solution 
c:r: 


Emitter-Coupled-logic 
(ECl) 
has always 
been the ugly sis- 
ter in the world 
of digital 
bipolar 
integrated 
circuit 
technolo- 
gy, since its introduction 
in the early 1960's. 
ECl 
has been 
shunned 
by the average 
designer 
due to its large gate pow- 
er consumption 
(mW/gate 
in the early days) and the need 
for controlled 
impedance 
circuit 
boards 
to minimize 
noise 
and 
signal 
reflections. 
Non-TIl 
level 
power 
supplies 
and 
non-TIl 
I/O levels 
have also made ECl 
unfavorable 
to the 
typical 
system 
designer. 
The only people 
daring 
enough 
to 
take on the challenges 
of ECl 
were the system 
architects 
needing 
to 
handcraft 
their 
CPUs/interfaces 
for 
optimum 
performance. 
In most other 
instances, 
the inherently 
slower 
TTl 
and CMOS 
logic was tolerable, 
providing 
an adequate 
way 
to 
complete 
the 
task 
at 
hand 
without 
having 
to 
go 
through 
the pain of incorporating 
transmission 
line theory 
in 
board 
design. 
The 
world 
of 
system 
design 
has 
changed 
however, 
and ignorance 
is no longer bliss. TTLICMOS 
logic 
families 
have advanced 
to the point where 
their edge rates 
and 
propagation 
delays 
demand 
controlled 
impedance 
board 
design 
to avoid 
the 
same 
pitfalls 
that 
have 
always 
been present 
with ECL. 


Forced 
understanding 
of transmission 
line theory 
for TTl 
and CMOS 
has the hidden 
benefit 
of making 
ECl 
more pal- 
ettable 
to the modern 
system designer. 
As long as the effort 
needs 
to be expended 
in understanding 
the problem, 
why 
not use the technology 
that truly offers 
maximum 
perform- 
ance at minimum 
cost? 
ECl 
offers 
the speed 
that TTl 
and 
CMOS technologies 
never will, and the affordability 
and lev- 
els of integration 
unattainable 
by GaAs and other compound 
semiconductors. 
Key to understanding 
these 
arguments 
is 
that 
the 
same 
advances 
in process 
technology 
that 
are 
used to enhance 
CMOS and TTl 
logic are invariably 
used to 
advance 
ECl's 
state 
of the art. The subsequent 
improve- 
ments 
result 
in even faster 
speeds 
for ECl 
at significantly 
reduced 
power 
consumption. 
GaAs 
is inherently 
more 
ex- 
pensive 
than 
silicon 
based technologies 
(due to scarcity 
of 
materials 
and 
excessive 
manufacturing 
costs). 
Although 
gate-for-gate 
GaAs may offer faster 
logic than ECl, 
the key 
variables 
impacting 
component 
delay 
are not the circuitry 
and devices 
for SSI logic, rather interconnect 
on the die and 
packaging. 
GaAs is also much more difficult 
to manufacture 
from a materials 
handling 
viewpoint 
and will probably 
never 
offer the low costs 
and levels of density 
ECl 
affords. 
GaAs 
is a niche 
product 
that 
is best suited 
for specialty 
applica- 
tions, 
but it has been, 
is now, and probably 
always 
will be 
the 
technology 
of the 
future. 
Contrary 
to the 
smoke 
and 
mirrors 
GaAs houses 
use to promote 
ultra high speed GaAs 
circuits, 
GaAs only offers a 1.5 to 3 x improvement 
in speed 
over silicon 
ECl 
in real operating 
conditions 
away from the 
security 
of the supercooled 
environment 
of the lab. ECl 
of- 
fers 10 to 100 x or more the levels of integration 
of GaAs at 
a fraction 
of the cost. 
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ECl 
has also 
made 
a number 
of in roads 
to maintain 
its 
leadership 
position 
in the world 
of silicon 
base 
logic. 
Over 
the 
years, 
ECl 
has taken 
advantage 
of CMOS/TIl 
pro- 
cessing 
innovation 
such that it has overcome 
its significant 
power consumption, 
reducing 
it from mW/gate 
to ",W/gate. 
High speed system design controlled 
impedance 
boards 
are 
a 
requirement 
now 
for 
logic 
families. 
Contrary 
to 
TIl/ 
CMOS, 
ECl 
offers 
zero skew 
balanced 
differential 
outputs 
which 
further 
simplify 
logic 
design 
as well 
as 
minimizing 
power 
supply 
and output 
switching 
noise. 
ECl 
also 
offers 
the end user the ability to "wire-OR" 
outputs 
together, 
gen- 
erating 
a positive 
logic "OR" 
without 
the expense 
of addi- 
tional components. 
In addition, 
National 
(via Fairchild) 
intro- 
duced the first commercially 
available 
temperature 
and volt- 
age compensated 
E(;l 
logic family. 
Unlike 
CMOS and TTl, 


ECl's 
temperature 
and 
voltage 
compensation 
makes 
the 
logic 
much 
more 
insensitive 
to 
environmental 
changes 
which 
is extremely 
important 
for the military 
designer. 
This 
compensation 
also 
eases 
design 
verification 
and 
system 
debugging 
by eliminating 
intermittant 
problems 
which 
can 
be masked 
by opening 
a system 
cabinet 
or taking 
it into an 
air conditioned 
lab for inspection. 
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TL/D/l0575-1 
FIGURE 
1. Technology 
Speed/Power 
Curve 


Fully 
temperature 
and 
voltage 
compensated 
logic 
offers 
much 
tighter 
AC 
specifications 
(i.e. 
minimum 
AC 
skew) 
across 
the entire 
power supply/temperature 
range because 
the logic is regulated 
and not allowed 
to drift with environ- 
mental 
changes. 
These 
tighter 
skew 
windows 
become 
in- 
creasingly 
important 
in local back 
planes, 
local 
distribution 
of clocks 
and other 
control 
signals, 
as well as in distributed 
systems 
such 
as 
modern 
CAD 
workstation 
environments 
where 
host-server(s) 
communication 
is critical 
to improving 
total 
system 
throughput. 
Figure 
2 below 
shows 
how com- 
pensation 
results 
in much tighter 
windows 
for DC levels 
as 
well as AC switching 
parameters 
versus 
those 
for uncom- 


pensated 
logic. 


>-0.8 
I 
ll! -1.0 
~ 
~ -12 
55 -1.4 
o 
I 
-1.6 
-4.2V 


;-1J! 
- 
-UV 
-4.Jy 


-2.0-1J! -1.6 -1.4 -1.2 -lD -0.8 -0.6 


VIH - 
INPUT VOLTAGE - 
V 
(a) 


'V~l\;. 
I uuay 
~ 
Ut;::ll::»I~IIt;::111 
lIet:) 
tmUft:l 
t:.vL 
lOOIKIl 
aV811aOl9 
Tor 


system 
design 
(see Figure 
3). 


./ 
\. 
-4.5V *7:1 


> -OJ! 
I 
ll! -lD 
;!i 


~ 
-1.2 
55 -1.4 
o 
I 
-1.6 


;-1J! 


\ II 


"<: 
IA 
85"<: 


O"C 
25 
1 
"<: 
N 
O"C 


.5 


1 
"<: 


...•...• ::::: 


> -OJ! 
I 


~ 
-1.0 


~ 
-1.2 


55 -1.4 
o 
I 
-1.6 
5 
~"'1.8 


-2.0 -1J! -1.6 -1.4 -1.2 -lD -0.8 -0.6 


VIH - 
INPUT VOLTAGE - 
V 
(c) 


3 
4 
5 


UNIT LOAD 
(d) 
TL/D110575-2 
(a) DC output tracking for ECl logic uncompensated 
for power supply voltage. 


(b) DC output tracking for Eel uncompensated 
for temperature. 


(e) DC output tracking for fully voltage and temperature 
compensated 
Eel. 


(d) AC Switching Skew for Compensaled 
versus Uncompensated 
ECl 
logic. 
FIGURE 
2. Comparison 
of Voltage 
and Temperature 
Compensated 
ECL Logic 
versus 
Uncompensated 
ECL Logic 
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National 
is committed 
to the military 
aerospace 
market 
for 
ECL and is capable 
of offering 
any of its commercially 
avail- 
able ECL products 
as military grade 
of "military 
like" 
devic- 


es 
on 
customer 
demand. 
National's 
SiCMOS 
SRAMs 


(based 
on SiCMOS 
III) combines 
the 
best 
of both 
CMOS 
and 
ECL 
worlds 
by melding 
the 
low 
power 
high 
density 


CMOS 
for the 
memory 
array 
with the 
ECL for high speed 
I/O, decoders, 
and sense amps. National 
offers 
a wide vari- 


ety of very high speed 
ECL I/O SRAMs 
including 
256k x 1, 
64k 
x 4 and 
16k x 4 organizations. 
Development 
is well 


under 
way on a family 
of 1 Meg ECL I/O 
SRAMs 
with ac- 


cess times 
of 15 ns or less. 


Additionally, 
National 
is supporting 
the designer 
with 
soon 


to be announced 
SiCMOS 
ECL I/O 
2k x 9 Advanced 
Self 


Timed 
RAM having 
a maximum 
access 
time of 5, 7, 10 ns. 


National 
also 
has 
developed 
a 
SiCMOS 
ECL 
I/O 
UV 


EPROM, 
pin compatible 
with the 10149 ECL fuse PROM, 
in 
5, 7, and 
10 ns speed 
grades. 
This 
UV erasable 
ECL I/O 
EPROM 
can be used 
as high speed 
core 
CPU microcode 


store 
or as a programmable 
decoder 
and 
is programmed 


with standard 
TIL 
levels 
from 
readily 
available 
PROM 
pro- 
grammers. 
Higher density 
SiCMOS 
UV EPROMs 
in develop- 


ment will soon be able to be used as CPU boot ROMs or for 
program 
storage. 


National's ASPECTTMprocess has been utilized to provide 
the military system designer with high speed, high density 
fully temperature/voltage compensated ECl I/O standard 
cell capability. Our standard cell library includes mega cells 
such as a 64-bit floating point AlU processor, a 64-bit float- 
ing point mUltiply processor, multi-port register files, 32-bit 
barrel shifter, 64-bit funnel shifter, as well as a number of 
user configurable soft mega cell functions and the standard 
assortment of gate functions. These cells provide the sys- 
tem architect with the building blocks to design a high speed 
RISC (reduced instruction set computer) processor tailored 
for specific applications. Similarly, National's ECl gate array 
family offers a lower cost, faster turn-around time solution 
for the CPU/controller design as well as custom interface/ 
glue logic. National's ECl PAls provide high speed glue 
logic with the flexibility of user programmability using stan- 


dard PAL programming hardware. last but not least, Nation- 
al's F1OOKfamily is the work horse that rounds out the fami- 
ly, delivering SSI/MSlIlSI 
logic functions. From AND/ 


NAND and OR/NOR gates to AlUs, Wallace Tree Adders, 
and Carry look Ahead Generators, F100K is a complete 
logic family that provides the glue needed to tie together the 
larger ECl building blocks. National's F100K family also in- 
cludes low skew drivers excellent for clock distribution and 
back plane drivers and bidirectional ECl-to-TTl 
level trans- 


lators which allows the high speed ECl system to interface 
to the slower TTl/CMOS 
peripherals or subsystems. 


In addition to offering a military processed F100K product 
line, National will soon be offering a fully 883C compliant 
F100K family subset, initially with approximately 30 device 
types. 
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10K vs 100K ECl I/O 
System Considerations 


INTRODUCTION 


System 
designers 
have 
long 
realized 
the 
advantages 
of 


Emitter 
Coupled 
logic 
(ECl) 
for high speed 
systems. 
This 


logic family is based on a differential 
amplifier 
and has small 


signal 
swings 
to prevent 
transistor 
saturation 
when 
switch- 


ing, thus 
increasing 
the 
switching 
speed. 
ECl 
offers 
high 


fanout 
capability 
and 
the 
ability 
to 
drive 
low 
impedance 


transmission 
lines. 
National's 
SiCMOS 
SRAMs 
have 
this 


high speed 
logic 
incorporated 
in their 
inputs 
and 
outputs, 
thus remaining 
compatible 
with existing 
ECl 
logic, while 
at 


the same time they take advantage 
of a high density 
CMOS 


memory 
array. 
ECl 
logic 
comes 
in two 
different 
families; 
100K logic in which 
the input and output 
voltage 
levels 
are 


temperature 
compensated 
(Figure 
1), 
and 
10K 
logic 
in 


which the input and output voltage 
levels vary over tempera- 
ture 
(Figure 
2). 
In National's 
SiC MaS 
SRAMs 
both 
100K 


and 10K I/O 
levels 
are voltage 
compensated. 
This applica- 


tion note will focus on the possible 
problems 
of mixing these 


two logic families 
and solutions 
to these 
problems. 
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lOOK OUTPUTS 
DRIVING 
10K INPUTS 


From 
the graph 
of DC specification 
levels 
(Figure 
3) 
one 


can 
see that 
at hot temperatures 
there 
is only 
20 mV of 


margin between 
100K VOHmin and 10K VIHmin. The shrink- 


ing margin as temperature 
increases 
is due to the decrease 


in the 
base 
to emitter 
voltage 
(VSE) of a bipolar 
junction 


transistor. 
The input reference 
voltage 
(VSS) for 10K tracks 


this temperature 
dependence 
while 
the 
100K output 
levels 
remain constant 
across 
temperature. 
With this small voltage 


margin at hot combined 
with system 
noise and transmission 


line bus drop, the 10K inputs may not distinguish 
a high level 


from 
the 
100K 
driver. 
For this 
reason 
it is recommended 


using 1OOK drivers to 10K inputs only when the system tem- 
perature 
is maintained 
below 
35'C 
where 
there 
is greater 


than 
100 mV of margin. 
The graph 
also 
shows 
20 mV of 


margin 
between 
100K VOLmin and 10K VILmin at hot tem- 


perature. 
This will not result in a functionality 
problem 
since 


these 
levels 
are far away from 
Vss 
and the 
10K input will 


easily recognize 
the low level. 


10K OUTPUTS 
DRIVING 
lOOK INPUTS 


There are no functionality 
problems 
incurred 
in driving 
100K 


inputs 
with 
10K outputs 
(Figure 
4). 
The only possible 
con- 


cern would be that the 1OOK input is driven slightly 
into satu- 


ration 
at hot where 
10K VOHmax 
is 160 
mV higher 
than 


100K VIHmax. However, 
shmoo 
plots show there is no mea- 


surable 
speed 
degradation 
in National's 
SiCMOS 
SRAMs 
if 


this scenario 
were employed 
(Figure 
5). 
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101K 


Besides 
temperature 
compensation, 
the 
other 
main differ- 
ence 
between 
10K 
and 
100K 
logic 
is the 
recommended 
supply 
voltage; 
-4.2V 
to 
-4.8V 
for 100K, and 
-4.94V 
to 
- 5.46V for 10K. However, 
National's 
1OOK SRAMs 
will per- 
form just as well at - 5.2V ± 5% since they are fUlly voltage 
and temperature 
compensated. 


The use of 1OOK parts at 10K supplies 
is commonly 
referred 
to as 101 K. In fact using the 100K BiCMOS 
SRAMs 
at the 
higher 
supply 
voltage 
will yield better 
speed 
(8 % decrease 
in TAVaV), 
increased 
alpha 
particle 
immunity 
(from 76 FIT 
at -4.5V 
to 9 FIT at -5.2V), 
at only approximately 
a 16% 
power 
increase. 


SYSTEM 
DESIGN 
CONSIDERATIONS 


100K and 
10K logic can be used in the same circuit 
if the 
necessary 
tradeoffs 
are 
understood. 
It has 
already 
been 
mentioned 
that the system temperature 
be kept below 35°C 
when 
driving 
10K inputs 
with 100K outputs. 
The reason 
for 
this 
is for 
increased 
noise 
margin. 
There 
are several 
key 
factors 
to controlling 
system 
noise: 
the 
use of decoupling 
capacitors, 
ground 
planes, 
and matching 
termination 
imped- 
ance. 
Current 
spikes 
from 
outputs 
switching 
are 
a major 
cause 
of noise 
on Vee. 
Bypass 
capacitors 
between 
Vee 
and VEE and between 
Vee and Vn 
(termination 
voltage 
of 
- 2.0V) will help absorb 
or source 
current 
as needed 
to re- 
duce 
the transient 
spikes. 
Capacitor 
values 
of 0.01 
",F to 
0.1 
",F 
are 
recommended 
and 
one 
capacitor 
per 
chip 


should 
be 
used. 
The 
use 
of 
a 
dedicated 
ground 
plane 
should 
be employed 
in the multilayer 
board where the chips 
are mounted. 
The importance 
of a dedicated 
ground 
plane 
is in reducing 
the resistance 
in the Vee lines. Since Vll, 
VIH 
and VBB are all referenced 
to Vee, this will directly 
affect the 
noise margin 
(Figure 6). When 
possible, 
two ground 
planes 
should 
be used. One should 
be used for Vee, which 
is the 
high supply for all the logic internal 
to the chip, and another 
separate 
plane should 
be used for Veea, 
which 
provides 
a 
separate 
ground 
path 
for the 
switching 
output 
current. 
In 
this 
case 
decoupling 
capacitors 
should 
be used 
between 
Vee and VEE and between 
Veea 
and Vn. 
Also important 
is 
the 
use 
of 
an 
AC 
ground 
to 
minimize 
crosstalk. 
An 
AC 
ground 
can 
be any 
DC signal; 
VEE or Vn 
for 
example. 


These 
AC grounds 
should 
run between 
any parallel 
signal 
lines. Finally all signal 
lines should 
be terminated 
to reduce 
reflections 
which 
can cause 
signal 
errors. 
Since 
ECl 
out- 
puts do not have internal 
pull down 
resistors, 
a terminating 
resistor 
to a voltage 
more negative 
than VOL (Vn 
= - 2.0V 
is recommended) 
should 
be used. The terminating 
resistor 
should 
match the impedance 
of the transmission 
line, other- 
wise the reflection 
voltage 
will be 


[Rt 
- Zo] 
VR = VOUT 
--- 
Rt + Zo 


where 
Rt is the termination 
resistance 
and 
Zo 
is the 
line 
impedance. 
The output 
levels are specified 
at Rt = 50n. 
A 
much 
more 
detailed 
discussion 
of transmission 
line theory 
can be found 
in reference 
1. 


CASE HISTORY 
A major customer has been successfully using National's 
256k x 1 SiGMOS 100K I/O SRAM in their 10K I/O system 
for over a year now. Their secret was to follow the basic 
formula outlined above: they used one 0.01 IJoF decoupling 
capacitor per memory chip, had a solid ground plane, and 
had matching termination impedance of 50n or 100n for all 
signal lines. They also have taken advantage of the speed 
and alpha improvement by using a -5.2V 
supply. Another 


noteworthy point is that this customer uses the DIP pack- 
age, which is inherently noisier due to higher inductive leads 
than National's ceramic flat pack. 


SUMMARY 
When mixing the two EGl families, the following considera- 
tions must be taken into account. The two families have 
different VBB input reference voltages which implies that 
when mixing I/O 
types, the system temperature must 


be monitored. Special attention must be given to VOHmar· 
gin at higher temperatures when 100K outputs drive 10K 
inputs. As well, soft saturation may occur at hot when 10K 
outputs drive 100K inputs, although National's SiGMOS 
SRAMs do not suffer speed degradation in such a case. In 
addition, allowing enough noise margin through proper de- 
coupling, termination and supply of ground planes is always 
important. Another option available to system designers is 
101K which uses 10K supply levels but has 100K I/O. Sy 
being aware of all these guidelines, the fastest silicon logic 
(EGl) together with the density and drive capability of 
SiGMOScan be used together in either mix or match 10K or 
100K systems. 


REFERENCES 
1. Matick, R., Transmission 
Lines 
for Digital and Communi- 


cation 
Networks, 
McGraw-Hili, (1969). 
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Terminating F100K Eel 
Inputs 


INTRODUCTION 


Many F1 OOK designs 
require that certain 
inputs be preset to 


a HIGH 
or lOW 
level. 
Because 
of the construction 
of the 
F100K 
input circuitry, 
a lOW 
can be realized 
by simply leav- 
ing the input OPEN. However, 
a HIGH must be terminated 
in 


a special 
way, as simply 
tying the input to VCCIVCCA is un- 
acceptable. 


DESIGN 
CONSIDERATIONS 


The ranges of VIH and VIL at VEE = - 4.5V are - 880 mV to 
-1165 
mV and 
-1475 
mV to -1810 
mV respectively. 


By staying 
within 
these 
ranges, 
the input conditions 
are as- 
sured. 
Figure 
1 shows 
the 
voltage 
versus 
current 
for the 
F100K 
input transistor. 
If the input is tied to VCCIVCCA the 


input transistor 
saturates 
(Point Dj which 
can damage 
inter- 


nal circuitry. 
The best VIH to realize a HIGH is a voltage 
drop 


of 0.9V below 
VccIVCCA. 
As can be seen from 
the graph, 


this locates 
the quiescent 
point on the flat part of the curve 


(Point C) midway 
within the acceptable 
range of VIH' Figure 


2 shows 
three ways in which a HIGH can be realized 
on the 
input. These 
circuits 
allow the user to maintain 
constant 
in- 
put signals 
at optimum 
levels of VEE and temperature. 
Each 


circuit 
can handle 
multiple 
fan outs, the number 
depending 


upon the maximum 
current 
capability 
of the circuit. 
The de- 
signer should 
be aware that although 
Figures 2A, 28 and 2C 


A-50 
kO Pull-Down 
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supply 
Eel 
compatible 
signal 
levels, 
they 
differ 
in power 
consumption 
and 
susceptibility 
to changes 
in temperature 


and VEE. 


For designs 
where there 
are multiple 
unused 
inputs 
and ex- 


tra logic 
gates 
available, 
fanout 
from 
the 
unused 
gates 
is 


possible. 
As an example 
of this, one gate of the F100102 
is 


capable 
of driving 
ten quiescent 
inputs 
at voltage 
and cur- 


rent levels typical 
of F100K 
as shown 
in Figure 
3. 


Figure 
4 shows, 
in more 
detail, 
the F100K 
pu:l-up 
scheme 


and the input circuitry. 
Although 
the circuits 
of Figure 2 are 


good 
examples, 
a detailed 
circuit 
analysis 
must include 
the 


50 kfi 
input 
resistor. 
In Figure 
4A, the resistor 
(RD) which 
sets the diode 
biasing 
current 
is in parallel 
with the 50 kfi 


input resistor. 
Likewise, 
the circuit 
of Figure 48 shows 
that 


R2 is in parallel 
with the input resistor. 


The 
point 
to 
emphasize 
is never 
tie 
an 
F100K 
input 
to 


VCCIVCCA 
in order 
to realize 
a HIGH 
preset. 
Instead, 
the 


following 
is recommended: 


• 
For a lOW 
level-leave 
input open 
or tie to VEE. 


• 
For a HIGH 
level-tie 
input to a diode 
drop or 0.9V be- 
low VccIVCCA. 


Remember 
also that the 50 kfi 
input resistor 
must be con- 


sidered 
in the circuit 
parameter 
calculations. 


I 


_ 
VEE = -4.5V 


TA = +25"C 


0 


C -- 


A 
Y 
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FIGURE 
3. Utilizing 
Unused 
Gates to Terminate 
Multiple 
HIGHs and LOWs 
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INTRODUCTION 


High 
speed 
multiplexing 
and 
demultiplexing 
is an integral 
part of the fast expanding 
telecommunications 
market, 
and 
can be used successfully 
in inter-computer 
and intra-com- 


puter 
wide-path 
communications. 
The 
National 
family 
of 
FlOOK Eel components 
provides 
an excellent 
solution 
to 
this design 
problem. 
This applications 
note describes 
a data 
transmission 
scheme 
that 
can 
transfer 
information 
at the 
rate of 75 Mbytes 
per second 
using 
only four twisted 
pair 
transmission 
lines. 


Using Fl00341 
8-Bit Shift Registers 
as parallel 
to serial and 
serial to parallel 
converters 
it is possible 
to design 
a simple 


mux/demux 
that can operate 
at speeds 
as high as 300 MHz 


(Figure 
1). The data to be multiplexed 
onto the transmission 
lines are applied 
as 16 bits (2 by1es) in parallel 
to the inputs 
of the Fl 00341 s where 
they 
are loaded 
into the 
registers 
under control 
of a synchronization 
pulse (SYNC). The mode 


of the F100341 s is then changed 
to shift right and the data 


is transmitted 
on the output 
lines at the clock rate. When the 
last bit has been shifted 
out, the register 
is loaded 
with the 


nex1 data to be transmitted. 
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The clock 
signal (CLOCK) 
is a free-running 
300 MHz square 
wave 
and the 
synchronization 
signal 
(SYNC) 
goes 
low for 
one clock 
cycle 
in every eight. These 
two signals 
are trans- 


mitted 
along 
with the data to facilitate 
synchronized 
recep- 


tion at the other 
end. 


At the receiving 
end, the F1 00341 s are used as simple shift 


registers 
that 
accomplish 
the 
task 
of 
demultiplexing 
the 


data. The SYNC signal controls 
the loading 
of the F100351 


receiver 
registers. 


CLOCK 
AND SYNC GENERATION 


The CLOCK 
signal 
in this application 
is a 300 MHz square 


wave generated 
with a voltage 
controlled 
oscillator 
coupled 


with a phase-locked 
loop. However, 
any available 
clock 
sig- 


nal may be used at a frequency 
of DC to 300 MHz. 


The 
SYNC 
signal 
is generated 
with 
the 
use 
of 
another 


F100341 
connected 
as in Figure 2. This circuit 
is self start- 


ing, 
requiring 
no initialization 
for 
proper 
operation. 
When 


the SYNC signal is low, the data present 
at the parallel 
load 


inputs (PO-P7) 
are loaded into the register 
on the next clock 


pulse. 
When 
SYNC 
goes 
high 
(as a result 
of loading 
the 


high value 
on PO), the mode of the F100341 
is changed 
to 


shift right and the low loaded 
from 
P7 is shifted 
across 
the 


F100341 
and appears 
on the SYNC wire eight cycles 
later. 


This in turn causes the F1 00341 to load again and the cycle 
repeats. 
The SYNC signal is high for seven clock 
cycles and 


low for one cycle, allowing 
it to be used as the synchroniza- 


tion pulse for the muxl demux 
circuit. 


so 
S1 
CP 


00 
00 
PO 
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01 
P2 
n003.1 
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F 100336 Four-Stage 
Counter/Shift 
Register 


INTRODUCTION 


Many 
system 
designs 
require 
bi-directional 
counting 
and 
shifting 
functions. 
In most cases 
these 
functions 
are sepa- 
rate and unique 
requirements 
within the system 
design. 
For 
this 
reason, 
separate 
catalog 
parts 
are available. 
In some 
cases 
however, 
there is a requirement 
to have a device that 
will allow 
both counting 
and shifting 
functions. 
This is espe- 
cially true in arithmetic, 
timing, sequential, 
or communication 
applications. 
National 
offers 
a very 
versatile 
counter/shift 
register 
in the Fl00336. 
This application 
note describes 
its 
function 
in detail 
and offers 
some simple 
uses. 


DESCRIPTION 


The 
Fl00336 
contains 
four 
synchronous, 
presettable 
f1ip- 
flops. 
Synchronous 
operation 
is provided 
by having 
all flip- 
flops clocked 
simultaneously 
so that all output 
changes 
co- 
incide. 
This 
mode 
of operation 
eliminates 
counting 
spikes 
on the 
outputs 
which 
are 
normally 
associated 
with 
asyn- 
chronous 
counters. 
The clock 
input is buffered 
and triggers 
the four flip-flops 
on the rising (positive-going) 
edge. 


The counters 
are fully programmable 
allowing 
the outputs 
to 
be set to either 
a HIGH 
(1) or lOW 
(0). As presetting 
is 
synchronous, 
setting 
low levels on the select inputs (SO-52) 
(see Table 
I) disables 
the counter 
and causes 
the outputs 
to 
agree 
with 
the 
parallel 
inputs 
(P3-PO) 
on the 
next 
rising 
edge 
of the clock. 
loading 
is accomplished 
regardless 
of 
the levels 
of the two enables 
(CEP, CET). 


TABLE 
I. Function 
Select 
Table 


S2 
Sl 
So 
Function 


l 
l 
l 
Parallel load 


l 
l 
H 
Complement 


l 
H 
l 
Shift left 


l 
H 
H 
Shift Right 


H 
l 
l 
CountDown 
H 
l 
H 
Clear 


H 
H 
l 
Count Up 
H 
H 
H 
Hold 
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The Fl00336 
features 
both synchronous 
and asynchronous 
clear functions. 
The synchronous 
clear is performed 
by set- 


ting a binary 
five 
(101 B) at the 
select 
inputs. 
On the 
next 


rising 
edge 
of the 
clock, 
the 
outputs 
will 
be forced 
lOW 
(0000) 
regardless 
of the levels 
at the enable 
inputs. 
A buf- 
ferred 
asynchronous 
master 
reset (MR) is provided 
to clear 
all outputs 
lOW 
(0000) regardless 
of the levels of the clock, 


select, 
or enable 
inputs. 


Count up/count 
down functions 
are selected 
with the select 
inputs 
(52-SO)' 
These 
are synchronous 
operations 
and the 
outputs 
will 
increment/decrement 
in value 
on 
the 
rising 
edge 
of the 
clock. 
Both 
count 
enable 
inputs 
(CEP, 
CET) 


must 
be true 
(lOW) 
to count. 
The 
terminal 
count 
output 
(TC) becomes 
active-lOW 
when 
the count 
reaches 
zero in 
the DOWN 
mode 
or fifteen 
in the UP mode. 
Its duration 
is 
approximately 
equal to one period of the clock. 
The TC out- 


put is not recommended 
for use as a clock 
or synchronous 
reset 
for flip-flops. 
See Figure 
1 for timing 
relationships 
in 
UP/DOWN 
counting. 


In simple 
ripple-carry 
cascading 
applications 
the 
terminal 
count 
TC is fed forward 
to enable 
the trickle 
enable 
(CET) 
input. This method 
is increasingly 
inefficient 
as the counting 
chain 
lengthens. 
The upper 
limit of the clock 
frequency 
is 
determined 
by the clock-to-terminal-count 
delay 
of the first 


stage, the cumulative 
trickle-enable 
(CET)-to-terminal-count 
delay of the intermediate 
stages, 
and the trickle-enable-to- 
clock 
delay 
of the 
last 
stage. 
For faster 
counting 
rates 
a 
carry-Iookahead 
scheme 
is necessary. 
In this 
scheme 
the 
ripple 
delay 
through 
the 
intermediate 
stages 
commences 
with the same 
clock 
that 
causes 
the first stage 
to change 
over from MAX to MIN in the UP mode, or from MIN to MAX 
in the 
DOWN 
mode. 
Since 
the final 
count 
cycle 
takes 
16 
clocks 
to complete, 
there 
is ample 
time 
for the 
ripple 
to 
propagate 
through 
the intermediate 
stages. 
The critical 
tim- 
ing that 
limits 
the 
counting 
rate 
is the 
clock-to-terminal- 


count 
of 
the 
first 
stage 
plus 
the 
parallel-enable-to-clock 
(CEP) setup time of the last stage. Figure 2 shows 
the con- 
nections 
for the fast-carry 
counting 
scheme. 


TYPICAL 
CLEAR, 
LOAD, AND COUNT 
SEQUENCES 


Illustrated 
below 
is the following 
sequence: 


1. Clear outputs 
to zero. 


2. Load (Preset) 
to binary thirteen. 


3. Count 
up to fourteen, 
fifteen, 
carry, zero, one, and two. 


4. Count 
down 
to one, zero, borrow, 
fifteen, 
fourteen, 
and thirteen. 


5. Inhibit counting. 


WR-n------------------------------- 
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, 
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, 
, 
, 
, 
, 


FUNCTION 
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COUNT 
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----COUNT 
OOWN---J-INHIBIT- 


Hote: 
A MR overrides 
enables, 
data, and count inputs. 


FIGURE 
1. F100336 
Used as Binary Up/Down 
Counter 
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Shift right/left modes are performed by making the appro- 
priate selection on the selection inputs (52-SO)' Each rising 
edge of the clock will cause the outputs to shift once in the 
direction which is selected. For shift-left operation, input 03 
is used as the serial input. For shift-right operation, input 
CET/00 is used as the serial input. During shift operation 
the terminal count output reflects the level at the 03 output 
and the enables are "don't cares". See Figure 3 for shift 
operation timing relationships and shift sequences. 


The F100336 provides two special modes of operation. The 
complement mode performs a one's complement of the out- 
puts (03-00) 
on the rising edge of the clock input regard- 


less of the levels at the enable inputs. The hold feature is 
asynchronous and simply stops counting or shifting opera- 
tions. Both complement and hold are performed with proper 
selection of the select inputs. For a complete truth table of 
the F100336 operation, refer to Table II. 


DESIGN 
CONSIDERTIONS 


Presetting the parallel inputs (P3-PO) may require a mixture 
of HIGH's and LOW's. A LOW may be preset by leaving the 
respective input open as the F100336 has a 50 kll resistor 
to VEEon the parallel inputs. A HIGH must never be made 
by tying the input to VCCIVCCA. 
This saturates the input 


transistor. Instead the input is set at a diode drop below 
VcclVCCA 
for a preset HIGH. 


Unused output pairs (an/On) 
may be left unterminated. 


However, unused single outputs should be terminated to 
balance current switching in the outputs. For further details 
on system design considerations refer to the FlOOK 
EeL 


Design 
Guide. For AC/DC performance specifications and 


critical timing parameters refer to the F100336 datasheet. 


APPLICATIONS 


Figures 
4 and 5 demonstrate the use of the F100336 as 


UP/DOWN BCD counters. One additional gate is required to 
detect the limit count. Notice the alternate gate methods in 
Figure 4. The F100304 shows the classical AND/NAND de- 
sign similar to TTL and the F100302 shows the OR/NOR 
design of ECL. 


Figure 6 incorporates the use of a F100331 triple D-type flip- 
flop. By using one stage of the F100331, a 50/50 duty cycle 
can be realized from the divider. 
An B-bit parallel-to-serial shifter can be constructed by cas- 
cading two F100336's as shown in Figure 7. The third coun- 
ter reloads another B-bit data word after eight serial counts. 


TYPICAL, 
CLEAR, 
LOAD, AND COUNT 
SEQUENCES 


Illustrated 
below 
is the following 
sequence: 


1. Clear outputs 
to zero. 


2. Load (preset) 
to binary twelve. 


3. Shift-left 
using 03 as serial input. 


4. Shift-right 
using CET /00 as serial input. 


,,, 
MR----h----------------------- 


SERIAL 
INPUT 
(SHIFT-RIGHT) 


[ 


SO---.fTl 


FUNCTION 
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---------- 
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SERIAL 
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_ 
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Ql 
Il 
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Q3 ----- 


TC---------------------------------L- 


o 
I 
12 I-SHIFT-LEFT--~~---SHIFT-RIGHT---- 


CLEARPRESET 


Nole 
1: In shift·right mode fC follows the Q3 output. 


Note 2: In shift·left mode fC follows the 03 input. 


Note 3: CEP is a "don't care" during shifting. 
FIGURE 
3. F100336 
Used as BI-Directional 
Shift Register 
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Truth Table 


Qo = LSB 
TABLE 
II. Truth 
Table 


Inputs 
Outputs 


MR 
52 
51 
50 
CEP 
Do/CET 
03 
CP 
Q3 
Q2 
Ql 
Qo 
TC 
Mode 


L 
L 
L 
L 
X 
X 
X 
....r 
P3 
P2 
Pl 
Po 
L 
Preset (Parallel 
Load) 


L 
L 
L 
H 
X 
X 
X 
....r 
Q3 
Q2 
01 
Qo 
L 
Invert 


L 
L 
H 
L 
X 
X 
X 
....r 
D3 
Q3 
Q2 
Ql 
D3 
Shift Left 


L 
L 
H 
H 
X 
X 
X 
....r 
Q2 
Ql 
Qo 
Do 
Q3' 
Shift Right 


L 
H 
L 
L 
L 
L 
X 
....r 
(QO-Q3) 
minus 1 
CD 
CountDown 


L 
H 
L 
L 
H 
L 
X 
X 
Q3 
Q2 
Ql 
Qo 
CD 
Count Down with CEP not active 
L 
H 
L 
L 
X 
H 
X 
X 
Q3 
Q2 
Ql 
Qo 
H 
Count Down with CET not active 


L 
H 
L 
H 
X 
X 
X 
....r 
L 
L 
L 
L 
H 
Clear 


L 
H 
H 
L 
L 
L 
X 
....r 
(QO-Q3) 
plus 1 
® 
Count Up 


L 
H 
H 
L 
H 
L 
X 
X 
Q3 
Q2 
Q1 
Qo 
® 
Count Up with CEP not active 


L 
H 
H 
L 
X 
H 
X 
X 
Q3 
Q2 
Q1 
Qo 
H 
Count Up with CET not active 


L 
H 
H 
H 
X 
X 
X 
X 
Q3 
Q2 
Q1 
Qo 
H 
Hold 


H 
L 
L 
L 
X 
X 
X 
X 
L 
L 
L 
L 
L 


H 
L 
L 
H 
X 
X 
X 
X 
L 
L 
L 
L 
L 


H 
L 
H 
L 
X 
X 
X 
X 
L 
L 
L 
L 
L 


H 
L 
H 
H 
X 
X 
X 
X 
L 
L 
L 
L 
L 
Asynchronous 
H 
H 
L 
L 
X 
L 
X 
X 
L 
L 
L 
L 
L 


H 
H 
L 
L 
X 
H 
X 
X 
L 
L 
L 
L 
H 
Master 
Reset 


H 
H 
L 
H 
X 
X 
X 
X 
L 
L 
L 
L 
H 


H 
H 
H 
L 
X 
X 
X 
X 
L 
L 
L 
L 
H 


H 
H 
H 
H 
X 
X 
X 
X 
L 
L 
L 
L 
H 


0= 
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4. BCD Up Counter 
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INTRODUCTION 


5peed 
is of paramount 
importance 
in the arithmetic 
unit of a 


system 
design. 
The National 
F100161 
Arithmetic 
Logic Unit 


(ALU) in conjunction 
with the F100179 
Carry-Lookahead 
of- 
fer 
a high-performance 
and 
efficient 
design 
solution. 
Be- 


sides 
the 
obvious 
performance 
benefits, 
they 
offer 
both 


temperature 
and voltage 
compensation 
which 
leads to bet- 


ter 
performance 
stabilization 
throughout 
the 
guaranteed 


ranges. 
Better 
noise 
immunity 
over TIL 
devices 
and more 


efficient 
designs 
by using wired-OR 
logic and complementa- 
ry outputs 
are also 
benefits 
offered 
by these 
devices. 
This 


application 
note describes 
the function 
of the F100161 
and 


F100179, 
offers 
configurations 
for their 
use, 
and 
gives 
a 


detailed 
timing 
analysis 
of the function 
settling 
times. 


F100181 
FUNCTIONAL 
DESCRIPTION 


The F100161 
is an ALU capable 
of performing 
sixteen 
arith- 


metic 
and logic operations 
on two 4-bit words. 
The operat- 


ing mode 
is selected 
by four function-select 
lines (53-50)' 
Arithmetic 
operations 
are selected 
when 
53 is LOW, 
and 


logic operations 
are selected 
when 53 is HIGH. When 
53 is 


LOW, the arithmetic 
mode can be selected 
between 
binary 


and 
binary 
coded 
decimal 
(BCD) 
with 
the 
52 input 
[52 
is 


LOW 
(BCD); 
52 is HIGH 
(binary)]. 
The remaining 
function- 


select 
inputs 
51, 50 select 
between 
addition, 
subtraction, 
and the basic logical 
operations 
(refer to Table 
I). 


TABLE 
I. F100181 
Carry 
Output 
Equations 


Provision 
for simple 
ripple-carry 
cascading 
is available 
with 


the carry output 
(Cn + 4). A carry unit (Cn) is provided 
for 


use with arithmetic 
operations. 
In BCD mode, it can be used 
to perform 
a ten's 
complement 
result 
in subtraction. 
like- 
wise, 
in binary 
mode, 
it can 
be used 
to perform 
a two's 


complement 
result in subtraction. 


A 
full 
carry-Iookahead 
scheme 
is 
implemented 
for 
fast, 


simultaneous 
group 
carry 
generation 
by means 
of propa- 


gate (P) and generate 
(G) carries. 
When used in conjunction 


with 
the 
F100179 
carry-Iookahead 
generator, 
high-speed 


arithmetic 
operations 
can 
be performed. 
Table 
II presents 


the equations 
for internal 
carry-Iookahead 
and Cn + 4, is, G 


for the F100181. 
Refer to the data sheet 
on the F100181. 


F100179 
FUNCTIONAL 
DESCRIPTION 


The 
F100179 
is a high-speed, 
carry-Iookahead 
generator 


capable 
of anticipating 
a carry 
across 
eight 
4-bit 
addersl 


ALU's. 
Carry, generate 
carry, and propagate 
carry functions 


are 
provided 
to 
perform 
full 
carry-Iookahead 
across 
n-bit 


words. 
Table 
III presents 
the four 
carry 
output 
equations. 


For 
detailed 
AC/DC 
specifications, 
refer 
to 
the 
F100179 


data sheet. 


Fn 
Gn 
Pn 
Outputs 


S3 
S2 
S1 
So 
Function 
(n = Oto3) 
(n = Oto3) 


Internal 
Signals 
Cn + 4 
G 
P 


L 
L 
L 
L 
Fn = A Plus B Plus Cn (BCD) 
AnDn 
An + Dn 
Cn + 4 
G 
P 
L 
L 
L 
H 
Fn = A Minus B Plus Cn (BCD) 
AnSn 
An + Sn 
Cn + 4 
G 
is 


L 
L 
H 
L 
Fn = B Minus A Plus Cn (BCD) 
AnBn 
An + Bn 
Cn + 4 
G 
is 


L 
L 
H 
H 
Fn = 0 Minus B Plus Cn (BCD) 
L 
Sn 
Cn + 4 
H 
is 


L 
H 
L 
L 
Fn = A Plus B Plus Cn (Binary) 
AnBn 
An + Bn 
Cn + 4 
G 
is 


L 
H 
L 
H 
Fn = A Minus B Plus Cn (Binary) 
AnSn 
An + Sn 
Cn + 4 
G 
is 


L 
H 
H 
L 
Fn = B Minus A Plus Cn (Binary) 
AnBn 
An + Bn 
Cn + 4 
G 
is 


L 
H 
H 
H 
Fn = 0 Minus B Plus Cn (Binary) 
L 
Sn 
Cn + 4 
H 
is 


H 
L 
L 
L 
Fn = AnBn + AnBn 
AnBn 
An + Bn 
Cn + 4 
G 
P 


H 
L 
L 
H 
Fn = AnSn + AnBn 
AnSn 
An + Sn 
Cn + 4 
G 
P 
H 
L 
H 
L 
Fn = An + Bn 
An 
Sn 
Cn + 4 
Gx 
P 
H 
L 
H 
H 
Fn = An 
An 
H 
Cn + 4 
G 
L 


H 
H 
L 
L 
Fn = Bn 
L 
Bn 
L 
H 
P 
H 
H 
L 
H 
Fn = Bn 
L 
Sn 
L 
H 
P 
H 
H 
H 
L 
Fn = AnBn 
L 
An + Sn 
L 
H 
P 
H 
H 
H 
H 
Fn = LOW 
L 
H 
L 
H 
L 


H = HIGH Voltage Level 
L ~ 
LOW Voltage Level 
• 


APPLICATIONS 


Logic symbol 
representations 
of the F100179 
and F100181 


are shown 
in Figure 
1 with 
propagation 
delay 
paths. 
The 


times 
shown 
are maximum 
values 
at nominal 
room temper- 


ature (25°C) and power supply voltage 
(VEE = 
-4.5V) 
for a 


flatpak 
package. 
The 
propagation 
delays 
from 
the 
select 


inputs 
(F100181) 
are ignored 
since 
it is assumed 
that 
the 


mode 
of operation 
is set 
prior 
to application 
of the 
input 


word operands. 


TL/F/10647-1 


FIGURE 
1. F100179/F100181 
Propagation 
Delays 


P = Po + P1 + P2 + P3 


G = G3 + P3G2 + 
P3P2P1 + 
P3P2P1GO 


Cn + 4 = G • (P + Cn) 


Internal 
Equations 
for Carry-Lookahead 


(i = 0,1,2,3) 


CO=Cn+53 


C1 = Go + 
PoCn + 53 


C2 = G1 + 
P1GO + P1POCn + 53 


C3 = G2 + 
P2G1 + P2P1GO + P2P1POCn + 53 


RIPPLE CARRY 
CALCULATION 


Figure 2 shows 
the schematic 
for simple 
n-stage 
cascading, 


incorporating 
ripple 
carry. 
Regardless 
of the 
width 
of the 


adder, 
all stages 
have a sum and carry from the A, B inputs 


in 6.6 ns. However, 
this represents 
the true sum and carry 


for stage 
one. For each succeeding 
stage, 
the Cn-to-Cn+4 


and Cn-to-F propagation 
delays 
must be considered. 
There- 


fore, for n-stages 
the total settling 
time for the function 
out- 


puts during 
addition 
is: 


tsum = tiA. B,-to-F] + (n-2) tlG,;-to-Cn+41 
+ tlG,;-to-F] 


A 32-bit wide adder requires 
eight stages 
(n = 8). The prop- 


agation 
time 
of the 
operand 
inputs 
(A, B) to the 
function 


outputs 
(F) of the first stage is 6.6 ns. The propagation 
time 


of the 
carry 
input 
(Cn) to the 
function 
outputs 
of the 
last 


stage is 5.0 ns. Each middle 
stage has a propagation 
delay, 


Cn to the carry 
output 
(Cn + 4), of 2.8 ns. The total 
settling 


time of the function 
outputs 
is then: 


tsum = 6.6 + (8-2) (2.8) + 5.0 = 28.4 ns 


Figure 
3 shows 
graphically 
the settling 
times of each of the 


eight stages. 


Cn + 2 = 
G1· 
(P1 + 
Go) • (P1 + 
Po + 
Cn) 


Cn + 4 = 
G3· 
(P3 + 
G2) • (P3 + 
P2 + 
G1) • (P3 + P2 + P1 + Go) 


• (P3 + 
P2 + 
P1 + 
Po + Cn) 


Cn + 6 = 
G5· 
(P5 + 
G4) • (P5 + 
P4 + 
G3) • (P5 + P4 + P3 + G2) 


• (P5 + 
P4 + 
P3 + 
P2 + G1) • (P5 + P4 + 
P3 + 
P2 + 
P1 + 
Go) 


• (P5 + 
P4 + P3 + P2 + 
P1 + 
Po + 
Cn) 


en + 8 = 
G7· 
(P7 + G6) • (P7 + 
P6 + 
G5) • (P7 + 
P6 + 
P5 + 
G4) 


.~+~+~+~+~.~+~+~+~+~+~ 


• (P7 + 
P6 + 
P5 + 
P4 + 
P3 + 
P2 + G1) 


• (P7 + 
P6 + 
P5 + 
P4 + P3 + P2 + P1 + 
Go) 


.~+~+~+~+~+~+~+~+~ 


A,B 


Cn 
Cn 


nOOl81 
Cn+4 
ALU 


F 


STAGE I 


A,B 


Fl00181 
ALU 


F 


A,B 


FlOC181 
ALU 
Cn•4 


F 


30 


! '(ns) 


Ic::r:/ 28.4 ns 


Cn~F 


FIGURE 
3. Timing 
Line Diagram 
for 32·Blt ALU 


A,B 


Cn 
Fl~~81 
Cn+4 


F 


• 


t"lUUl 
f~ 
15CapaDle OTprovlOIng carry-looKaneaa 
TOrOJ;'::D115. 


The timing 
line diagram 
for the 16-bit ALU with one level of 


carry-Iookahead 
is given 
in Figure 
5. The 
equation 
which 


describes 
each 32-bit 
stage is given by: 


tsum = t[A.B.to.P.Gl + t[G,;.to.Fl 
+ t[G,;.to,Cn+4l 
+ t[P.G.to,Cn+2l 


FAST 
16-81t 1-Level 
Carry-Lookahead 


Another 
method 
for implementing 
a 16-bit adder 
with faster 


carry propagation 
is shown 
in Figure 
7. In this example. 
the 
full capability 
of the F1 00179 
is used by forcing 
carry propa- 


gation 
through 
the 
odd-order 
stages. 
The 
carry 
outputs. 


en + x. are then 
used to supply 
the appropriate 
carry 
bit to 


succeeding 
stages. 
The equation 
describing 
the critical 
path 


becomes: 


tsum = t[A.B.to-P,G] + t[P.G-to-Cn+xl + t[Cn·to-F]· 


Cn+2 


n00179 


o 
5 
10 
15 
•..•• 
--- 
.••..• 
--- 
.••..• 
----'ll(n.) 


'----- 
..••• 1 6.6 ns 
, 
, 
, 


! 


(A.II-+P)+ (P.G~cn+2): 
Cn~F 


3RD STAGE • 
: 1 


(A.II-+P)+ (P.G~Cn+2): 
Cn~F 


4TH STAGE r 
r] 
~14.7ns 
, '---...----' 


I Cn-+Cn+.4 


TLfFf10647-5 
FIGURE 5. Timing 
Line Diagram 
for 
16-81t ALU with 
1·Level 
Carry-Lookahead 


II 


A,B 


F1~~G81 
Cn+4 


p 


A,B 


Cn 
F1~~G81 
Cn+4 


p 


A,B 


Cn 
F1~~G 
81 
Cn+4 


p 


~ 
LSB 


C1N 
Cn 


p 


I 
A.B ...•f 
: 


1ST STAGE 
I~ 
6.6no 


A, B~P,G+ 
P,G~Cn+2 


(1ST STAGE) 


2ND STAGE .----- 


Cn~F 


(2ND STAGE) 


'11.9 no 
I 


I 
I 


: 
Cn~F 


I(3RD STAGE) 
:i 
-ol1.9no 


I 


" 


A,B~P,G+ 
P,G~Cn+6 
:: 
Cn~F 


(_3_RD_ST_AG_E_)_~: 
.••; (_4_TH_~ 


I 
'l109ns 


'I 
II 


A, B~P,G+ 
P,G~Cn+4 


(2ND STAGE) 


3RD STAGE ( 


TWO-LEVEL 
CARRY-LOOKAHEAD 
CALCULATION 


The word widths 
of 32 bits or more, a two-level 
carry-Iook- 
ahead 
scheme 
like that shown 
in Figure 9 is preferred. 
One 


of the two 
Fl00179's 
generates 
a carry for the even-num- 


bered 
ALU's; 
the other 
generates 
a carry for the odd-num- 


bered ALU's. 
The timing 
line diagram 
for this method 
is giv- 
en in Figure 
10. The equation 
describing 
the 32-bit summa- 


tion is: 


tsum = t[A,S,-lo-P,Gl + t[P,G-IO-Cn + xl + t[Cn-IO-Fl 


This scheme 
can be expanded 
past 32 bits as in the previ- 


ous case 
by interconnecting 
32 bit groups 
with 
ripple 
car- 


ries. Each 32-bit group past the first adds one t[P,G-lo-Cn + xl 
delay 
to the total 
add time. 
Table 
IV summarizes 
the 
add 


times 
for all three 
schemes 
discussed 
in this 
application 


note. 


15 
•••••---""---- 
...•.••----', 
l(ns) 
o 
A, a-F 


1ST STAGE ~ 
6.6n. 


I 


A, a-p,G 
: 
Cn-F 


~ 
'~'11.9ns 
H 
P,G -Cn+2 
(LEVEL 2) 


A, a-p,G 
I 
• I 
Cn-F 
~ 
'---~ 
• 
I' 
r 
h1.9n. 
~ 
P,G -Cn+2 
(LEVEL 1) 


A, a-p,G 
I 
• I 
Cn-F 


~I~ 
4TH STAGE 
I 
I 
I 
'11.9 n. 
~ 
P,G -Cn+4 


(LEVEL 2) 
TL/F/l0647-10 


FIGURE 
10. Timing 
Line Diagram 
for 32·Blt 
ALU with 
2·Level 
Carry-Lookahead 


with 
with 
with 


Bits 
Stages 
Ripple 
Carry 
(1) F100179 
(2) F100179 


(ns) 
(ns) 
(ns) 


8 
2 
11.6 
nfa 
nfa 


16 
4 
17.2 
14.7 
11.9 


32 
8 
28.4 
14.7 
11.9 
64 
16 
50.8 
17.4 
14.6 
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Bookshelf 
Distributors 


The device 
number 
is used to form 
part of a simplified 
purchasing 
code where 
the package 
type and temperature 
range 
are 
defined 
as follows: 


100XXX or 11CXX 
D 


Device Number 
I 
J 
(basic) 


Package 
Code ---------------- 
D = Ceramic 
Dual-In-Line 
F = Flatpak 
or Ouad Cerpak 


°0 = Plastic Chip Carrier (PCG) 


ORL Special 
Variations 
OR = Commercial 
grade device 
with burn-in 
°OS = Military grade device with 
environmental 
and burn-in 
processing 


'-----Temperature 
Range 
C = Commercial 
(O°C to + 8S°G) 


oM = Military (- 
SsoC to + 12S°G) 


• 


~National 
~ 
semiconductor 


14 Lead Ceramic Oualln-Line 
Package (0) 
NS Package Number J14A 


0.025 
(0.635) 
RAD 


-,t 
0.220-0.310 
(5.588-7.8741 
~ 


0.290-0.320 
---±- 
(7.366-8.1281 


0.180 
I; 
I 
I -I 
--MAX 
(4.572) 
t 


16 Lead Ceramic Oualln-Line 
Package (0) 
NS Package Number J16A 


0.025 
(0.635) 


RAO 


.--=+ 
0.290-0.320 I 
0.005--1 


+-~!-(7'366_8'128) 
~ 


0.180 
95·+5· 
0.008-0.012 J 
(4.572) 
- 
(0.203-0.305) 


MAX 
0.080 
I 
0.310_ 0410 
I 
(2~3~ 
--I 
(7.874-10.41) 
f-- 
80TH 


ENOS 


0.005- 0.020 
(0.127-0.508) 
RAO TYP 


0.200 
(5.080) 
MAX 


0.025 
(0.635) 
HAD 


1.215 
(30.86) 
MAX 
0.030-0.055 
(0.762 -1.397) 
HAD TYP 


0.400-0.430 
~ 
0.180 
(10.16-10.92) 
(4.572)4 


0.008-0.012 
(0.203 -0.305) 
TYP 


16 Lead Small Outline Integrated 
Circuit (S) 
NS Package Number M 16A 


=1 


0.150-0.157r 
(3.B10-3.9881 


~X.5· 
r 
{O.254-0.5011 
,. 
MAX 
TYP 
L.,b(.........------~ 
ALTos 


O.OOBC r-J L-:Jooso 


(0.203-0.2S4) 
I 
-- 
(0.406-1.2701 


TYPAlllEAllS 
0.004 
TYPAU lEAIIS 
10.1021 


All 
lEAD TIPS 


0.053-0.069 
(1.346-1. 753) 
L-_ 


0.004-0.010 
(0.102-0.2541 


----~SEAT1NO 
J L J 
JL 
t 
PlANE 


0.050 
0.014-0.020 TYP 
(1.2701 
(0.356-0.508) 
TYP 


(~:~) 
TYP 
., •• ,•••.••• 


• 


0.050 I~ 


(1.270lu 


0.130 
I 
I 
(3.302) 


I"~" 
J~~Al 


0.165-0.180 
(4.191 -4.572) 
t 
t 


f 
f 0.104 -0.118 
(2.642-2.997) 


VIEW A-A 
,~J! 


(1.143) 
x 45' 


16 Lead Ceramic Flatpak (F) 
NS Package Number W16A 


0.050 -0.080 1I-- 
(1.270 - 2.032) 
I 


0.004-0.006 
TYP-t! 


(0.102-0.152) 
II 


0.007 - 0.018 
(0.178 
0.4571 


TYP 


t 
0.326 
22 
(8.280) 
NOM SOUARE 


0371-0.390 
(9.423 
9.9061 
r 1t 
i(~::;;.~~~C=:==~~~) 
TYP 


--,.., 
-- 
0.000 MIN TYP 


00.370 
(6.350 -9.398) 


I, 
r 
r.l~6+!'5~1+4 
:!:!13~1*"2 
~11~1*"0 
~9j--f 


0.300 
0.245-0.275 
(7.620) 
MAX~LASS 
(6.223 -6.985) 


, 
__,2345678 
t 
~ 
-t 
DETAilA---.: 


PIN NO.!) 
0.250-0.370 
10ENT 
(6.350 -9.398) 


~ 
~l0.015-0.019 
(0.381 - 0.482) 
TYP 


0.026-0032 
(0660-0.813) 
TYP 


i- 


I 
0.008-0.012 
- 
-(0.203-0.305) 


